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In the eighties the number of pigs reared in Estonia reached one million. 
Th e number of pigs began to decrease rapidly in 1989 (Lember et al. 1999) 
and according to the Estonian Animal Recording Centre the number of pigs 
in performance testing is 14475 (as of 31.12.2008), but the total number 
of pigs is around 369700 (ETL 2006). Such decrease was mainly due to 
economic reasons. In order to maintain our position on European market, 
we have to fi nd cheaper ways to produce meat. One of the opportunities is 
to enlarge farms and introduce rational animal keeping technologies. 
Th ere is a tendency towards building bigger pig farms, both those with 
deep-litter and those without litter, i.e. pigsties with liquid manure removal 
(I-III). Enlargement of pigsties is accompanied by problems regarding 
achievement of required indoor climate of the working environment 
(increase of air humidity, contents of carbon dioxide and ammonia in 
winter, overheating of premises in summer, etc.). Th ere are additional 
concerns voiced in the Europe, such as the ethical production quality and 
assurance of acceptable odour in ambient air (Council of Europe 1976).
Th e quality of human working environment and surroundings of pigs 
depends on indoor climate of pigsties. Th us it is necessary to know the 
resistance of humans and animals, applicable technologies, equipment and 
premises to indoor climate. Th e indoor climate of the buildings for keeping 
animals is aff ected by various factors: applicable tending technology, 
systems for providing animals with forage, water and removal of manure 
as well as outdoor climate (Mothes 1976, MWPS-33 1989, Kender et al. 
1998, I-VII).
Research on pigsties has mostly been focused on the air temperature, 
relative humidity, air velocity and – to some extent – gas composition 
(Kavolelis 2003, Tuunanen & Karhunen 1986, Mothes 1976), providing 
a basis for designing ventilation systems for relevant premises. Generally, 
such research has been carried out in small pigsties for up to 500 pigs or in 
customised laboratories (Tuunanen & Karhunen 1986, Wachenfelt et al. 
2001). Gas composition, its variation on a daily basis and its dependence 
on applicable animal-keeping methods and technologies have been studied 
to a lesser extent.
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In order to ensure effi  cient production of quality pork in a safe working 
environment that ensures competitiveness on the European market, it is 
crucial to develop optimal meat production technologies to be applied in 
Estonia.
Th e recommendation or selection of rational technologies is preceded by 
study of currently used technologies, analysis and comparative evaluation 
of the study results. Usually the evaluation is performed on the basis of 
technical-economical indicators (such as reliability, ease of use, costs 
related to working time and exploitation, etc.). Today it is obvious that 
such evaluation of technologies cannot be perfect, as it does not take 
into account the impact of animal-keeping technologies on the indoor 
climate of the production premises and the level of physical eff ort for 
work. Th erefore this study focused on the technologies used in pigsties 
not only in view of the determination of the amount of working time, but 
also in consideration of their impact on the indoor climate of the working 
environment and human work load.
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1. REVIEW OF LITERATURE
1.1. Indoor climate
Vital functions of humans and other living organisms are aff ected by the 
environment of their surrounding premises. Th is environment depends 
on many factors and constitutes indoor climate. Major indoor climate 
parameters in animal keeping premises include air temperature, relative 
humidity, air velocity, gas composition, dust content (CIGR 2003, 
Teye 2008, MWPS 1989, Kender et al. 1998, Jürgenson 1951,), surface 
temperature of the barriers, noise, various emissions, etc. (ASHRAE 
1999, CIGR 1984, Liiske 2002). Indoor climate has an impact on human 
health, productivity of animals, service life of the premises, course of the 
technological processes, etc. It is recommended to distinguish between 
physiologically and economically optimal temperatures (Liiske 2002). 
Crucial indicator of indoor climate is amenity (comfort), which includes 
the following major factors:
1. Th ermal (air temperature and humidity, air velocity).
2. Chemical (carbon dioxide, ammonium, oxygen, aerosols and 
unpleasant odours).
3. Physical (shape of the premises, acoustics, noise, air ionisation, 
electromagnetic radiation).
4. Optical (illumination, fi eld of vision, colour of surroundings and 
items).
5. Human mental or physical work, physical and mental state, 
clothing, age and sex (Liiske 2002).
1.1.1. Air temperature and relative humidity
Warm-blooded organisms adjust to the air temperature of the premises 
by means of thermoregulation. Heat release is a by-product of human 
metabolism and other physiological processes. Energy required for 
maintaining body temperature comes from food, and residual heat is 
released into surrounding environment by total heat release (Liiske 2002). 
Total heat release consists of free heat release: heat released into surrounding 
environment by thermal radiation (ca 45%), thermal conductivity and 
convection (ca 30%). Th e rest of heat release takes place in the form of 
latent heat or water vaporisation and exhalation (ca 15%) and water 
vaporisation from the body surface (10%). Free heat release is discontinued 
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when surrounding temperature reaches the temperature of human body 
and then the heat can be released only by water vapour (Liiske 2002).
In case of certain temperature values, animals may release heat to the 
environment without additional energy cost; such temperature range is 
referred to as neutral range (Liiske 1992). Animal production at variable 
temperatures is equal if the average value of variable temperatures equals 
constant temperature. Optimum temperature for humans in ordinary 
clothes (no coverall) is 18…20°C in case of light physical eff ort (Liiske 
2002). At optimum air temperature, the thermoregulation is minimal. At 
favourable environmental temperature the thermal energy released from 
animal is minimal (Fig. 1.1.). Researchers have found that the zone of 
nominal losses corresponds to the welfare plateau (ASHRAE 2001).
Fig. 1.1. Energetic and performance relationships typical for animals as aff ected 
by eff ective environmental temperatures by Hahn et al. 1983 (ASHRAE 1997).
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Th ermoregulation takes place from the lower critical temperature (LCT) to 
the upper critical temperature (UCT) (Fig. 1.2). However, at unfavourable 
environment temperature, animals have to spend additional energy on 
vital functions, in order to maintain their body temperature (Liiske 2002, 
ASHRAE 1999).
Fig. 1.2. Developed from actual measurements of swine growth, shows the 
relationships of energy, growth, and effi  ciency with air temperature by Hahn et al. 
1983 (ASHRAE 1997).
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Th e most extensive data are available about the impact of air temperature 
on pig keeping (Liiske 2002, Reintam et al. 1985, Rosti 1988, Mothes 
1976, ASHRAE 1997). It follows that one of the priorities is to ensure 
correct indoor air temperature in the pigsty. In a living organism heat fl ow 
is regulated by skin and respiratory system. But in comparison to other 
farm animals, pigs have less developed thermoregulation (Liiske 2002), 
therefore it is necessary to ensure optimum temperature with small variation 
in temperature in the pigsty (Fig. 1.3). Newborn piglets are particularly 
sensitive towards temperature variations. Th ey develop thermoregulation 
ability within the fi rst ten days (Simakov 1991).
Fig. 1.3. Critical ambient temperatures and temperature zone for optimum 
performance and nominal performance loss in farm animals by Hahn 1985 
(ASHRAE 1997).
Practical recommended values for farrowing pigsties in general are between 
10 to 25°C, but the area of newborn piglets requires higher temperature
(28 to 32°C) provided by heating lamp or fl oor heating. Cold air and extreme 
temperatures should be avoided. In the case of growing pigs in Fig. 1.2, 
the range of temperatures from 15 to 22°C, which includes both optimal 
productivity and effi  ciency levels, represents acceptable design conditions 
to achieve maximum performance and effi  ciency (ASHRAE 2001).
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Th e analysis of indoor climate of pigsties and for design of heating and 
ventilation system is based on the amounts of heat, humidity and gas 
released by pigs during set time unit (Liiske 2002). Th ese emissions can be 
calculated or taken from standard values recommended by International 
Commission of Agricultural Engineering (CIGR) and prepared on the 
basis of research carried out by European researchers (CIGR, 1984). 
In case of favourable temperature of ambient environment the thermal 
energy emitted by animals is lower than in case of low temperature. In 
case of unfavourable temperature of ambient environment animals have 
to spend additional energy in order to maintain the body temperature. 
Animals release residual heat into the ambient environment in the form of 
free and latent heat (Fig. 1.4 and 1.5). Th us older pigs with live weight of 
20 to 180 kg release heat and humidity at the temperature of 10 to 32°C. 
Th e heat and humidity is released from body surface upon ventilation or 
cooling of the premises. Near the body surface, the ambient air velocity 
required for such heat transfer may exceed 0.25m/s (ASHRAE 1997).
Fig. 1.4. Room sensible heat in hog house by Bond et al. (ASHRAE 1997).
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Fig. 1.5. Room latent heat in hog house by Bond et al. (ASHRAE 1997). 
Body temperature is the temperature caused by metabolic processes 
inside the body and average body temperature is 38.0...40.0°C in pigs and 
36.5...37.0°C in humans (Mothes 1976, Simakov 1991). Changes in body 
temperature cause discomfort for both humans and animals. Constant 
body temperature is achieved by balancing the amounts of generated and 
released heat (Simakov 1991).
It appears from the research results that growth of pigs’ body mass, i.e. the 
synthesis of proteins and lipids, deteriorates in cold environment (Fig. 1.6) 
(Liiske 2002), whereas the lipid production is reduced more than protein 
production. Th is ratio is aff ected by many other factors: breed, live weight, 
feeding intensity (ASHRAE 1997, Liiske 2002). As forage constitutes 
approximately 70% of pork production costs, it is recommended to 
achieve indoor climate that would ensure economically optimal nutritional 
effi  ciency in the pigsty (Liiske 2002). In order to ensure optimum indoor 
climate it is necessary to use normally functioning ventilation system, air 
conditioning equipment, which is possible in technical terms, but not
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Fig. 1.6. Comparative heat loss of growing animals by Bond et al. 1959 (ASHRAE 
1997)
always profi table in economic terms (Liiske 2002). Th e effi  ciency of 
ventilation is determined by two important factors: air distribution in 
the premises and diff erence in temperatures of injected and extracted air 
(Lember et al. 1999, Liiske 2002, Jürgenson 1951).
It is necessary to distinguish between physiologically and economically 
optimal temperatures. Physiologically optimal temperature provides the 
highest level of production despite the costs incurred for ensuring such 
climate (Liiske 2002). In case of economically optimal temperature, the 
reduction of production is compensated by reduced costs for ensuring the 
climate. Economically optimal indoor temperature depends on outdoor 
air temperature, insulation of the building, price of forage and produce 
(Liiske 2002).
19
According to literature (ASHRAE 1997, Liiske 2002) the temperature 
within neutral area has no signifi cant impact on the production of 
domestic animals. Meanwhile, the production provided by animals 
kept at variable temperatures is equivalent to that of animals kept at 
constant temperature, if the average value of change is equal to constant 
temperature. Animals are capable of adjusting to extreme temperatures 
(Liiske 2002). Animal adjusted to cold has accelerated metabolism and 
releases less heat than unadjusted animal. Newborn piglets are sensitive 
towards ambient environment, especially towards low temperatures, and 
they should be provided with suitable room temperature without major 
variations (Lember et al. 1999, Mothes 1976, Reintam and Kadarik 1985). 
Pig-pen pigs released outside in hot weather may die of heart paralysis or 
pulmonary blood fl ow ( Jürgenson 1951). 
People typically change their clothing for the seasonal weather, ASHRAE 
Standard 55 specifi es summer and winter comfort zones (Fig. 1.7) 
appropriate for clothing insulation (ASHRAE 2001). Th e warmer and 
cooler temperature borders of the comfort zones are aff ected by humidity 
and coincide with lines of constant eff ective temperature.  In the middle 
region of a zone, a typical person wearing the prescribed clothing would 
have a thermal sensation at or very near neutral. Th e eff ective temperature is 
probably the most common environmental index, and it has the widest range 
of application. It combines temperature and humidity into a single index, 
so two environments with the same eff ective temperature should evoke the 
same thermal response even though they have diff erent temperatures and 
humidity; but they must have the same air velocities. Th e upper and lower 
humidity levels of the comfort zones are less precise. Low humidity can 
lead to drying of the skin and mucous surfaces. Comfort complaints about 
dry nose, throat, eyes, and skin occur in low-humidity conditions, typically 
when the dew point is less than 0°C (ASHRAE 2001).
Th e value of critical temperature of the pigsty depends to a signifi cant extent 
on pigs’ weight, feed consumption, size of animal group, air velocity, relative 
humidity, fl oor temperature and presence of litter. According to various 
sources, the optimum air temperature for fattening pigs is 13...22oC with 
lower limit of 5...7°C and upper limit of 25...28°C (Liiske 1987, ASHRAE 
1999). In case of farrowing pigsty, the recommended optimal temperature 
is 10...28°C with lower limit of 5...20°C, and upper limit of 27...34°C.
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Based on literature, the optimal temperature for sucking piglets is 22...32°C 
and allowed temperature is 22...34°C. According to the American 
Society of Heating, Refrigerating and Air-Conditioning Engineers, the 
heat production of piglets could be calculated as seen from Table 1.1 
(ASHRAE 1997). Based on CIGR recommendation (CIGR 1984) the 
critical minimum temperature in pigsty without litter where pigs are kept 
in groups is 3°C, i.e. unless there is a risk of water freezing.










4 to 6 29 5.1 33
6 to 11 24 7.0 31
11 to 17 18 7.8 30
When keeping animals in deep-litter pigsty, the room temperature may 
drop by 5°C below the recommended rate. In case of keeping a single 
pig, sow or boar, it is necessary to increase indoor temperature of the 
Fig. 1.7. ASHRAE summer and winter comfort zones (Acceptable ranges of 
operative temperature and humidity for people in typical summer and winter 
clothing during primarily sedentary activity) (ASHRAE 2001).
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pigsty by 6°C (CIGR 1984). Selection of correct temperature for pig-
keeping should take into account heat exchange between the organism 
and environment, aff ected by air humidity. High air humidity content 
contributes to hypothermia in case of low temperature, and hyperthermia 
in case of high temperatures. American Society of Heating, Refrigerating 
and Air-Conditioning Engineers (ASHRAE 1997) recommends using 
regression analysis in order to fi nd temperature range suitable for humans 
(Table 1.2).
Table 1.2. Equations for predicting thermal sensation (Y) of men, women, and 
men and women combined (ASHRAE 2001)
Regression Equations a, b
Exposure 
Period, h
Subjects t = dry-bulb temperature, oC





Y = 0.220 t + 0.233 p – 5.673
Y = 0.272 t + 0.242 p – 7.245





Y = 0.221 t + 0.270 p – 6.024
Y = 0.283 t + 0.210 p – 7.694





Y = 0.212 t + 0.293 p – 5.949
Y = 0.275 t + 0.255 p – 8.622
Y = 0.243 t + 0.278 p – 6.802
a Y values refer to the ASHRAE thermal sensation scale.
b For young adult subjects with sedentary activity and wearing clothing with a 
thermal resistance of approximately 0.5 clo, tr ≈ ta1 and air velocities are < 0.2m/s.
Relative humidity has signifi cant impact on body’s heat exchange in given 
environment. Excess humidity content aff ects the well-being and health of 
animals, reduces their performance and reproduction ability, contributes 
to the growth of bacteria, viruses and mould (Fig. 1.8) and consequently 
decreases production (ASHRAE 2001, Liiske 2002). Besides that, excess 
humidity causes damage to the structural elements, wooden and metal parts 
of the building of the pigsty (Farmide... 1987). Excess moisture generates 
drip water, mould and fungi at the structures of the building and increases 
reduction of thermal resistance of the building and pigs. Relative humidity 
content under 55% generates excess dust in the premises and may cause 
drying of oral mucous membrane in animals (Farmide... 1987). Estimated 
optimum humidity range for human comfort and health is between 30 to 
60% (Fig 1.8).
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Fig. 1.8. Optimum humidity range for human comfort and health by Sterling et 
al. 1985 (ASHRAE 2001).
Assessment of relative air humidity is based on the amount of water vapour 
content in air. Increase in relative humidity in agricultural production 
premises is caused by increased evaporation, open water surfaces, animals, 
forage and decrease in air temperature. Due to its impact on heat transfer 
or heat production, relative humidity aff ects the critical temperature of 
animals. Ventilation is the primary method for controlling air quality in 
confi nement buildings as it brings in fresh air to dilute the contaminants. 
Th e minimum ventilation for animal buildings is oft en determined by 
humidity or contaminant (such as ammonia) balances (Fig. 1.9). Th erefore, 
ventilation requirements must be calculated for sensible heat, humidity, and 
a given contaminant to determine the minimum ventilation for an animal 
building.  so that ventilation would ensure low level of microorganisms (and 
carbon dioxide, ammonium content) in cold season as well, by taking into 
account several factors. Pneumonia represents a common respiratory disease 
in pig-keeping, and it constitutes 30 to 75% of all cases (ASHRAE 2001)
At low temperature, high humidity content increases thermal conductivity, 
which causes animals to catch cold easily, whereas high temperature 
contributes to heat stress. At high temperatures, high relative humidity 
hinders evaporation of water from body surface. Humid air is lighter than 
dry air, because molar weight of water vapour μva=18 kg/mol is lower than 
the molar weight of dry air μkõ=29 kg/mol (Mothes 1976).
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Fig. 1.9. Logic for selecting the appropriate ventilation rate in livestock buildings 
by Christianson and Fehr 1983 (ASHRAE 2001).
According to the literature, recommended relative humidity in a pigsty 
is within the range of 60...75%, but should not exceed 85%, because this 
usually leads to deterioration of other indoor climate indicators (Farmide... 
1987). Air humidity in the premises is adjusted by ventilation or air-
conditioning.
1.1.2. Gas composition
Under normal conditions oxygen content (O2) in air is represented by 
colourless and odourless gas with density of 1.1321 kg/m3, (0°C, normal 
pressure) which is soluble in water and binds with almost all elements 
(except light inert gases) by forming oxides (ENE III 1988). Oxygen is used 
for combustion, respiratory and other natural and technological processes. 
Inside the body, oxygen binds to digestible nutrients, thus providing energy 
and heat. By its volume in clean air, optimal oxygen content required for 
vital functions is 20.95% (Liiske 2002). If oxygen content drops below 
15%, animals will have increased pulse rate. Respiration is impaired and 
fi rst symptoms of suff ocation occur when oxygen content drops to 12%. 
Air with oxygen content less than 7% is considered lethal ( Jürgenson 1951). 
Daily human consumption of oxygen required for vital functions at rest is 
24
300 l; in case of physical activity the need for oxygen increases 10...15 times 
(Liiske 2002).
Carbon dioxide (CO2) is generated as a result of metabolism, mostly from 
respiration of animals, and to some extent from faeces, urine and forage 
residues, and in the course of combustion, fermentation, putrifi cation 
and decomposition processes. Carbon dioxide itself is not a toxic gas, but 
due its high concentration in air, the oxygen content will drop too low. 
Th is is a suff ocating colourless and odourless gas (Mothes 1976, CIGR 
1984). Harmful eff ects occur when carbon dioxide content in air exceeds 
5%. Gas concentration between 20…25% can cause rapid suff ocation of 
a man (ENE 1988). Carbon dioxide content in outdoor air ranges from 
0.026...0.050%, it is more prevalent in industrial and urban areas. With 
its molecular weight of Mr(CO2)=44, mass per litre 1.83g, and density of 
1.9778 kg/m3 (at temperature 0°C) makes carbon dioxide heavier than air 
(1.2928 kg/m3). 1.71 litres of gas is solved in one litre of water at 
temperature 0°C and 0.88 litres at temperature +20°C. Th us the carbon 
dioxide concentration in air is higher near the fl oor (in case of low air 
velocity) and lower beneath the ceiling of the premises, and aft er dissolving 
in water it rises up as light water vapour (Mothes 1976).
In working premises of people, the main source of carbon dioxide is exhaled 
air. Carbon dioxide represents an indicator of occupational air pollution 
of working environment, where air is contaminated due to high physical 
activity of workers (Töökeskkonna keemiliste… 2001). Average human 
emission of carbon dioxide into the premises is 20 litres per hour. 
Pigs emit carbon dioxide depending on their body mass, young pigs 16 l/h, 
fattening pigs with body mass 80 kg 37l/h, sows and boars 36...79 litres 
per hour (Liiske 2002, CIGR 1984). High carbon dioxide content in the 
air of the premises indicates low ventilation and animal activity (CIGR 
2003). Pursuant to Estonian Design Standards (EPN 18.3.1, 12.2) and the 
set of Finnish ventilation standards D2, optimal carbon dioxide content is 
0.1% per air volume (Sisekliima 1997, Neste Air 1990). According to the 
European researchers (CIGR 1984) the recommended maximum allowed 
content of carbon dioxide is 3000 ppm. Pursuant occupational health and 
safety requirements maximum allowed content of carbon dioxide is 9000 
mg/m3 or 5000 ppm (Töökeskkonna keemiliste… 2001). Excess carbon 
dioxide content in the air causes dizziness, headache or elevated blood 
pressure, accompanied by tachycardia (Mothes 1976).
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Ammonia content is increased by temperature and wet litter (Kauppinen 
2000). Th e data provided by several authors (Mothes 1976, Einberg 2001, 
Pals 2003) reveal that the air emission of ammonia in the premises used for 
animal keeping depends on the handling of manure, air temperature and 
relative humidity. It is also noted that the amounts of ammonia emitted 
from the manure are higher in the case of higher air temperature and higher 
relative humidity. Ammonia content 50 ppm is found in case of pigs with 
high body mass, according to several studies the ammonia content starts to 
aff ect the health of pigs at the level of 25ppm or 18mg/kg (CIGR 2003, 
ASHRAE 2001, Groot 1998). Ammonia content depends on feeding of 
animals, ventilation, sanitary conditions and method of manure removal 
(ASHRAE 2001).
Nitrogen volatilization as ammonium (NH3) starts right aft er the 
metabolites excreted from animal organism as faeces come into contact 
with the environment of pigsty. On average, 60% of the nitrogen in faeces 
is excreted from the body with urine. Nitrogen in urine is mainly found 
in composition of carbamide. By means of enzyme urease, carbamide is 
rapidly hydrolysed into ammonia and carbon dioxide. Nitrogen contained 
in faeces is mainly found in the composition of protein compounds and 
generating ammonia in the course of decomposition of protein is a much 
slower process (Mothes 1976). With its density of 0.7714 kg/m3 (0°C) 
ammonia is lighter than air (1.2928 kg/m3). It is well-soluble in water 
(at t° of 20°C 702 parts of NH3 by volume per one part of water by volume), 
slightly alkaline reaction (pH=7.8...8.8). Ammonia found inside animal 
organism is extremely toxic. Ammonia is excreted from human organism 
with sweat, urine and faeces (Mothes 1976). Th e danger of ammonia to 
mammals is associated with its ability to diff use through cell walls (Mothes 
1976, Kender et al. 1998). High ammonia content in air causes liver 
diseases and constant agitation. As ammonia is well-soluble in water, it is 
absorbed on the mucous membranes of eyes and upper respiratory tract, 
inducing their irritation and infl ammation. Ammonia is combined with 
serum haemoglobin via pulmonary alveoli, which leads to deterioration of 
gas exchange in the organism and may result in anaemia (Reintam 1985, 
Kender 1998).
In many countries, including Estonia, the average allowed concentration 
limit of ammonia in the inhaled air in human working zone is 20 ppm 
or 14 mg/m3 (EVS 2003, EVS 2004, Töökeskkonna keemiliste… 2001). 
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Estimated maximum concentration is 50 ppm or 35 mg/m3. According 
to the research carried out in many countries, the concentration limit of 
ammonia recommended for animal environment (Table 1.3, 1.4) is 20 
ppm and according to Finland MMM it is 10 ppm (CIGR 1984, CIGR 
2003, Teye 2008). Impact of dust and gases on pigs and people varies 
(CIGR 1994).














Great Britain 3000 20
USA2 5000 50
European Union 3000 20
1ppm=cm3/m3
2MWPS-33. 1989
However, according to the American OSHA (Th e Occupational Safety and 
Health Administration) standards (Table 1.4), recommended ammonia 
concentration is 18 mg/m3 or 25 ppm. Meanwhile, according to relevant 
literature it is considered important that dust content aff ecting the tender 
would not exceed 0.23 mg/m3 during 8-hour working day (Donaham et 
al. 1989) (ASHRAE 1997).
According to authors (Farmide... 1987, Jürgenson 1951) the content 
of harmful gases is higher in case of relatively high air temperature and 
humidity. In addition to increased content of harmful gases this generates 
unpleasant odour, caused by inadequate ventilation in the pigsty. Th e 
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odour sticks to clothes and hair already aft er a short exposure in the pigsty. 
In pigsties with natural ventilation the intensity of ventilation depends on 
the diff erences of outdoor and indoor temperature ( Jürgenson 1951).  
Table 1.4. MMM, CIGR and OSHA Standards for 8-h day worker exposure 
(Teye 2008, ASHRAE 1997)
Gases
Concentration 
limits in dairy 
buildings (ppm)
Exposure limits in 
work places (ppm)
OSHA Standards Worker 
Exposure limits
MMM CIGR 8 hrs 15 mins 8hrs
Dust - - - - Total:  15 mg/m
3 
Respirable: 5mg/m3 (<5μm)
Carbon dioxide 300 3000 5000 - -
Ammonia 10 20 20 50 18 mg/m3
Hydrogen 
sulphide 0.5 0.5 10 15 14 mg/m
3
Carbon 
monoxide 5 10 30 75 57 mg/m
3
According to research (Farmide... 1987), the conditions for meeting 
allowed standard values of indoor climate should be ensured in that part of 
the premises where people stay most of the time. 
Animals with higher production level need greater amount and more 
concentrated forage to cover their consumption of nutrients. As a result 
the animals excrete more faeces and aft er receiving protein-rich feed ration 
also more nitrogen. Volatility of ammonia is most aff ected by increased 
pH of urine and higher temperature in the pigsty (Kaasik et al. 2002). It is 
believed that the greater the amount of air exchanged in a pigsty, the higher 
the amount of volatile ammonia. Ammonia content is also increased in 
case of removal of liquid manure by using drain channels (Mothes 1976, 
Kaasik et al. 2002). According to Danish researchers (Kaasik et al. 2002) 
the ammonia content in pigsties with fully slotted fl oor was 10...15% higher 
than in pigsties with partially slotted fl oor, and average amount of nitrogen 
emitted to the pigsty from manure is 10...25% (Phillips et al. 2000, 2001). 
Movement of pigs in the area contaminated with excrements or reduced 
use of litter also increase the content of ammonia in air (Mothes 1977, 
Kaasik et al. 2002).
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1.1.3. Air velocity
Air is always moving in the pigsty, despite lack of outdoor air ventilation. 
Near animals air warms up, expands and becomes lighter in terms of 
specifi c weight and therefore rises upwards. It cools aft er reaching the 
ceiling and walls of the pigsty, becomes heavier and falls down. Th us the 
air in pigsty moves up against the ceiling above the animals, heads to walls 
along the ceiling, falls down near walls and returns to animals along the 
fl oor ( Jürgenson 1951).
Air movement contributes to removing heat from the premises and therefore 
it is as crucial as temperature and humidity in terms of thermoregulation. 
However, in the premises where animals are kept, the air movement is 
constant and uneven. Th e connection between diff erent growth in weight 
of pigs and air velocity is shown in the study by Bond et al (1963), Riskowski 
and Bundy (1991), which states that the best air velocity is less than 1m/s. 
Meanwhile, Mount and Start (1980) argue that air velocity should not 
exceed 0.76 m/s (ASHRAE 1997). In case of optimum air temperature, 
the nutrition and growth of pigs is better at low air velocity (0.18m/s) than 
at high velocity (1.5m/s) (Fig. 1.10).
Fig. 1.10. Swine response to air velocity (ASHRAE 1997).
Similar to humans, animals also respond to cool air and draught. Newborn 
piglets are particularly sensitive towards draught and they should be kept 
at temperature 18...34°C and minimum air velocity 0.1...0.2 m/s (EVS 
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2004). Air velocity aff ects the well-being of animals. Th e greater the mass 
of pigs, the better they tolerate air movement, but it should not exceed 
1.0 m/s. For the human beings optimal air velocity is around 0.1...0.5 m/s 
in summer and 0.15...0.30 m/s in cold season (EVS 2004). If the person 
working in the premises does not feel draught, the air velocity may vary 
from 0.1 to 0.4 m/s (Tööruumide mikrokliima… 1995). It also depends on 
the level of physical eff ort for work.
1.2. Amount of working time of pig-tender
Th e selection of farm technologies and equipment is usually preceded 
by evaluation of technical-economical indicators (reliability, amount of 
working time, etc.). Forage distribution has been and will be one of the 
most labour-intensive works in pig-keeping. In principle the distribution of 
forage in pigsties could be fully automated, but evaluation of technologies 
should always fi nd out whether it is purposeful and reasonable in 
economical terms.
Th e selection of suitable keeping technology shall determine the production 
effi  ciency in the farm. Th e technology selected should ensure the greatest 
effi  ciency. Th is is a complex task, because the reliability of feeding and 
manure removal systems depends on several factors. Upon evaluation the 
systems should always be considered in view of working environment: 
buildings, animals, forage, people, and machinery. Th ere are fewer 
restrictions if the selection and design of technology takes place prior to 
building design. When speaking of production, the situation is oft en vice 
versa, i.e. suitable technology has to be customised for an existing building. 
In that case the building provides many restrictions that impede the design 
of a good system (Reppo 1997).
Works are classifi ed on the basis of their method – manual or automated. 
Th ere have been several comparisons of diff erent methods of manure 
removal: drainage, removal with scraper or front loader of tractor (Berichte 
1997, Reppo & Käämer 1998, Maatalouden…1988). Th e analysis of 
literature revealed that the amount of time spent on tending works is 
commonly presented by work technologies and size of the herd per ten 
pigs. Amounts of working time are presented in KTBL standard tables by 
pig-herds consisting of 50, 100, 200, 300, 500, 1000 pigs and in TMRM 
standards by pig-herds consisting of 60, 120, 250, 500 pigs (Maatalouden 
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työnormit 1988; KTBL 1994, KTBL 2000). Finnish working time 
standards include data about smaller herds (Maatalouden työnormit 1988). 
Th is is due to smaller pig farms in Finland.
Amount of working time spent on specifi c works (placing pigs in pig-
pen, major cleaning or disinfection, treatment, weighing, etc.) is given in 
minutes per fattening pig and as total value during fattening period. Th ese 
works are performed less frequently, oft en only once during weaning or 
fattening period. In Finland (TMRM tables) the daily amount of working 
time is determined on the basis of structural layout, where the time spent 
on working consists of time spent on main duties, preparation-completion 
time and so-called constant additional time, which is 10 minutes per work 
shift  (Maatalouden…1988).
In general, the specifi c amount of working time per one pig decreases as 
the number of pigs increases. Amount of working time for intermediate 
number of pigs can be calculated by using relevant regression equations 
(Sada 1998, Vettik 2000).
1.3. Level of physical eff ort for work
Tender’s energetic workload and the level of physical eff ort for work are 
primary ergonomic indicators characteristic of working environment. 
Based on measurement of human energetic workload the level of grading 





Human energetic workload can be calculated on the basis of heart rate 
and blood pressure (Peter 1995, Maiste 1992). Th is is commonly used as 
an indicator for human assessment (Maaroos 1997). Th is is based on the 
linear correlation between human heart rate and the intensity of work at 
the frequency of up to 170 beats per minute. In order to assess human heart 
rate and oxygen consumption, work load tests are used. Work load tests are 
classifi ed according to their eff ect (Maaroos 1997):
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1. Tests for increased oxygen consumption, including:
a) tests based on physical eff ort;
b) isolated stimulation of atrium;
c) tests with medication load;
d) psycho-emotional tests.
2. Tests for decreased oxygen delivery.
Th ese include hypoxic tests, using Dietrichi and Schwiegeli or Levey etc. 
methods. In principle the oxygen content in inhaled air is gradually reduced 
(from 18% to 8%). Inhalation of air with oxygen content of 12% during 
1 minute correlates with 25W load on veloergometer, 8-10% to 75W. Th e 
test is non-physiological and rarely used. 
Th e most common load tests include physical load tests. Th e idea of load 
tests originates from W.Eindhooven in 1908 (Maaroos 1997). 
Maximum oxygen consumption or oxygen uptake (Vo2)max is the highest 
amount of oxygen in millilitres that the body can use during 1 minute. Th is 
is identical with maximum aerobic capacity or PWC (physical working 
capacity) and is one of the parameters used for evaluation of human work 
ability. Maximum duration of load test with oxygen consumption elevated 
to (Vo2)max is 15 minutes. (Vo2)max is reduced by several factors such 
as age, physical development, weight, several health disorders, etc. (Maiste 
1992, Hettinger et al. 2000, Hollman 1980). Th ere is linear relation 
between intense work and heart rate and maximum oxygen consumption 
(Fig. 1.11.) (Andersen et al. 1978).
Human energy use is divided into the amount of energy required for 
physiological purpose and the amount energy required directly for managing 
work load. Th e following methods were used for assessment of worker’s 
energetic workload and level of physical eff ort for work (Tuure 1991):
1. OWAS (Ovako Working Posture Analysing System) (Louhevaara 
et al 1992) – test-analysis of work by 84 indi-cators. Method has 
been used in Finland since 1986.
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Fig 1.11. Relationship between heart rate (fh ), workload (W) and oxygen uptake 
(Vo2). (Andersen et al. 1978).
2. ERGOLOG – the system has been used in Finland since 1980 for 
testing people with sedentary jobs. Th e system does not comprise 
all diff erences in work parameters used in agriculture.
3. VIRA – used for studying people with sedentary jobs by using 
video and computer equipment, their working positions and 
movement, used in Sweden since 1980.
4. ARBAN method of analysis that takes in consideration the 
position of human and portable weight. Work may be performed 
either while sitting or walking.
5. Spitzer-Hettingeri (Louhevaara et al. 1992) tables: average amount 
of energy spent on muscle work is determined based on work 
position and type of work. Energy consumption is divided by 
minimum and maximum limits and they also provide separate 
values for energy used for physiological purposes (85 W). Th e 
values are added for total amount.
6. Generalised (consolidated) tables on the use of energy (Hettinger 
et al 1983), where the use of energy is determined for mobile and 
sedentary work, if the work is muscle-based.
Th e energetic work load of farm workers has been determined (Reppo 
1997) by using constant registration of heart rate during work. For example, 
the study of energetic load of milkers revealed that the energetic work load 
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of milkers’ work is rather diff erent in case of diff erent pipeline milking 
technologies (number of milking machines) and constructive solutions. 
In comparison with bucket and pipeline milking, where only two milking 
machines were used in both cases, it was found that the milker’s work load 
rate was light when using pipeline milking machine ADM-8 and medium 
heavy when using bucket milking method. But when using milking device 
ADM-8 with three milking machines, the work load rate becomes medium 
heavy. At the same time the work load rate was light in case of pipeline 
milking with up to four automated milking machines.
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2. PURPOSE AND TASKS OF RESEARCH
Main research objective was, via multi-parametric research of the working 
environment of pigsties, to supplement data necessary for evaluation and 
selection of most purposeful animal keeping methods and technologies 
by factors of indoor climate, tender’s working time and degree of work 
diffi  culty.
Th e tasks resulting from the purpose of research were the following:
1. Examination and analysis of relevant literature.
2. Selection of pigsties to be studied and preparation of methods.
3. Study of general daily and zone (at diff erent heights of animal areas 
and human working space) changes in numeric values of indoor 
climate parameters in case of pigsties with diff erent animal-keeping 
technologies (deep-litter, without litter and low-litter). 
4. Study of the impact of animal behaviour and works performed on 
the indoor climate of the pigsty.
5. Study of the simultaneous eff ect of temperature and relative 
humidity on the ammonia content in the air of pigsty.
6. Determination of daily amount of working time spent on pig-
tending.
7. Determination of tender’s degree of work diffi  culty.
8. Evaluation of pig-keeping technologies.
9. Preparation of conclusions.
Th e novelty of this research consists in long-term complex study of the 
working environment in case of various animal-keeping technologies, 
carried out in diff erent seasons and containing simultaneous multi-
parametric measurements of indoor climate of pigsties (I, II, III, IV, V, VI), 
and determination of the amount of working time related with animal-
keeping and degree of work diffi  culty (VII, VIII).
Th e research was commenced in 1998, and the fi rst stage resulted in a 
diploma project (Sada 1998), then the research continued and led to 
preparation of Master’s Th esis in 2003 (Sada 2003). It was granted the 2nd 
award in a national student research competition organised by the Ministry 
of Education and Research of the Republic of Estonia in 2003.
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3. MATERIALS AND METHODS
Th e research was carried out in the period 1998-2008, during diff erent 
seasons, in pigsties with diff erent animal-keeping technologies, and 
included assessment of indoor and outdoor climate parameters (I-VI) and 
pig-tenders’ work load, by determining both the amount of working time 
and degree of work diffi  culty (VII, VIII). Pigsties were made of silicate 
bricks and reinforced concrete. Animals were kept on deep-litter (I, II, V), 
without litter (I, II, IV, V) or on low-litter (III, IV, V, VI, VII, VIII). Feeding 
was performed manually or automatically from dry forage feeders. Manure 
was removed either with scraper (III, V, VI), chain scraper conveyor (III, 
IV, V, VI), shovel loader (I, II, V) or drainage (I, II and VII, VIII). Animals 
were provided with water by using drinking trough or nipple drinkers. 
Ventilation was provided by automated forced ventilation.
Th e method for studying indoor climate was based on the Health 
Protection Act of the Republic of Estonia (Nõuded sigade pidamisele…
2002, Tervisekaitse normid...25048,) and Finnish recommendations 
(Karhunen, 1992), ASHRAE requirements and recommendations 
(ASHRAE 1997, 1999, 2001), according to which the numeric values 
of working environment indoor climate parameters can be determined in 
pigsty at the height of 1.0 m for animals and at the height of 1.5 metres for 
human working place (Simakov 1991).
Indoor climate was studied in pigsties with deep-litter (I, II, V), liquid 
manure pigsties (I, II, IV, V) and low-litter (III, IV, V, VI) pigsties for 
fattening pigs, young pigs, sows with piglets and breeding herd.
For the purposes of studying the change in numerical values of indoor 
climate parameters of pigsty depending on performance of technological 
processes, tender’s activities, animal behaviour, time of day and season, air 
temperature, relative humidity, air velocity and the contents of oxygen, 
carbon dioxide and ammonia were measured daily in summer and in winter 
at the interval of 1.0 minute at the height of 1.5 m from the fl oor in the 
centre of pigsties (II, III, IV, V, VI) and measuring interval 15 seconds in 
feeding passage, pig-pen and above the manure passage at the height of 
0.1; 0.5; 1.5 and 2 metres (I, III, VI).
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Measurement site was selected on the basis of pig-keeping concentration 
and suffi  cient distance between measuring device and doors, windows and 
ventilation openings. Simultaneously outdoor air temperature and relative 
humidity were measured at the height of 1.5 metres from the ground and 
at the minimum distance of 10 metres from the pigsty.
Simultaneous impact of temperature and relative humidity on the 
ammonia content of the pigsty was studied daily (II) in deep-litter pigsty 
(Fig. 3.1) and pigsty with liquid manure system (Fig. 3.2) at the height of 
1.5 from the fl oor in the middle of the pigsty in summer. In order to avoid 
the impact of works performed in pigsty on indoor climate, the numeric 
values of climate parameters (measured during the time when pigs were 
undisturbed or were “resting”) were used for determining the impact of air 
temperature and relative humidity on the content of ammonia (from 6 to 
18) (II, Fig. 6).
Fig 3.1. Deep-litter pigsty and measuring equipment.
Fig. 3.2. Pigsty with liquid manure system.
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ALMEMO Data Logger 8990-8 equipment with relevant sensors (I-VI) 
was used for studying the indoor climate of pigsties. Ammonia content was 
measured with Gas Monitor Pac III equipment manu-factured by Dräger 
Safety AG & Co KGaA. HygroLog device manu-factured by Rotronic and 
HygroClip S sensor were used for measuring outdoor air temperature and 
relative humidity. Measurement results were analysed by using computer 
programmes AMR WinControl, Pac III Soft ware 3.nn, HW3, MS Excel, 
and SAS.
Amount of working time of pig tender in case of diff erent feeding, 
manure removal, litter spreading and watering technologies was studied in 
farms of diff erent size (860...6200 pigs), where young pigs, fattening pigs 
(VIII), gestating sows and sows with piglets (VII, Reppo & Sada 2000) 
were kept in groups of various sizes. Th e study examined (in terms of pig 
groups) fi ve farms with more or less similar feed ration but diff erent feeding 
technologies. Most pig-tenders were women. In all fi ve farms sawdust was 
used as litter, and chain scraper conveyor TSN 3,0B was used for manure 
removal (in case of groups of 1000 young pigs the scraper US-15 was used) 
into collector and the manure was removed from the premises by pumping 
it into reservoir.
Daily amount of working time was determined by pig tender’s chrono-
logical portrayal at the accuracy level of one second (VII, VIII). Actual 
working time of the worker was considered according to structural layout 
(Maatalouden työnormit 1988) (Fig. 3.3), where working time consists 
Fig. 3.3. Structural layout for determination of amount of working time 
(Maatalouden työnormit 1988).
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of constant additional time (10 minutes per shift  for getting dressed, 
washing, etc.) and time for performing production tasks. Th e latter 
contains principal working time and preparation-completion time. Th e 
chronological portrayal of working day included determination of time 
spent on every operation, pause, etc., description thereof and registration 
in observation diary in chronological order.
Daily specifi c amount of working time was determined per ten young pigs, 
fattening pigs and gestating sows and per one sow with piglets.
Basic duration of work of pig-tender consisted of the time spend on loading 
dry forage (concentrated feed, fodder meal) into feed distributor (barrow), 
transportation and distribution of forage, cleaning of pig-pens and tending 
passages, loading litter into the barrow, transportation and spreading of 
litter, providing water for pigs and time required for operating some 
devices. Th e amount of human working time did not take into account the 
mechanical time of equipment.
Daily amount of working time gained from chronometric portrayal 
provided a basis for calculation of specifi c amount of working time Te 
(human minutes per ten pigs) by using the following formula: 
where Tpc - preparation-completion time, minutes per day;
  Ta   - constant additional time (10 min daily);
  z10 - number of animals (number of groups consisting of 10 pigs);
  Tp  -  specifi c amount of principal working time, minutes per animal 
           per day.
Specifi c amount of principal working time Tp (human minutes per one 
animal) was calculated as:
where ti  - amount of time spent on i step of basic works, minutes per day;
  nt - number of diff erent work activities;
  z  - number of animals.











Tender’s degree of work diffi  culty was studied during 1998-2005 in 
case of diff erent tending technologies with more or less similar feed 
ration (VII, VIII). Th e work load rate was determined by using POLAR 
Elektro OY heart rate set Polar 610i Sport Tester (Reppo 1997). Stopper 
Elektroonika RI-01 with measuring accuracy 0.1 s was used for measuring 
the work operations of the tender. Th e heart rate was measured with “Polar 
Sporttester” set, consisting of sender (sensor) and receiver (tester). Sender 
was attached to the chest area with rubber belt and the receiver on the 
hand of the employee. Receiver recorded the information concerning heart 
rate every 5th second, by using its 2.5 hour memory capacity. Measured 
heart rate values were transmitted from the tester to computer for further 
analysis by using Polar Interface device. By using the data processing 
programme Polaris, statistical series and diagrams of workers heart rates 
were produced, as well as minimum, maximum and average values of heart 
rates.
Tenders’ work load rate was determined according to medium and high 
heart rate during diff erent operations (VII), based on the classifi cation 
recommended by the World Health Organisation (WHO) (Table 3.1).
Table 3.1. Classifi cation of the work intensity based on heart rate and oxygen 
consumption (Andersen et al. 1978, Hettinger et al. 1983, Tuure 1991)













Parallel to the measurement of tender’s heart rate, their work was 
“portrayed” chronologically, which allowed further comparison of results 
in order to fi nd out the value of heart rate during every work operation and 
identify the works and work methods which required most energy from 
tenderer.
For statistical processing of research results the data collected from 
the study of indoor climate were entered in computer by using AMR 
WinControl, Pac III Soft ware 3.nn, HW3, SAS soft ware. Resulting test 
information was transferred to MS Excel computer programme, statistically 
processed, and then the mean arithmetical values of parameters , standard 
deviation σ and standard error σx were determined (Kiviste 1998). In 
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order to avoid the impact of work operations performed in pigsties on 
indoor climate, the relation between the content of ammonia and air 
temperature and relative humidity of pigsties was determined by using 
numeric values of these parameters. Th ese were measured while the pigs 
were “resting”. Results were processed by using computer programme SAS 
(Online Doc, 2007. Version 9.1).
Mean arithmetic value was calculated by the following formula:
where ti - numeric value of measured parameter, i=1...n;
 n - number of measuring results;
Population standard deviation σ was calculated by formula:
Standard error σx: was calculated by formula:
Regression analysis was used in MS Excel environment for establishing the 
relation between constant features (Kiviste 1998). Th e form of regression 
equation (formula) was presented on dispersion diagram by selecting 
higher determination coeffi  cient R2.
(3.3)
(3.4)σ =         (  – )2 .




Deep-litter pigsties and pigsties without litter in winter daily studies 
performed in showed that numeric values of indoor climate parameters are 
aff ected by outdoor climate, method of keeping animals and tending works. 
Average daily temperatures measured in pigsties in winter were 12.38°C 
(standard deviation s.d. 0.466) and 25.08°C (s.d. 0.485), respectively, in 
case of outdoor air temperatures of 0.91 (s.d. 0.871) and 0.28°C (s.d. 0.289) 
(I), which is within the standard allowed limits. Air temperature was lower 
in deep-litter pigsty with less-insulated premises and better ventilation 
(0.15 m∙s-1). Relative humidity 82.63% (s.d. 3.145) and 88.42% 
(s.d. 4.817) exceeded recommended values (I, Table 2, Fig. 1-3).
Average daily content of carbon dioxide in the air of pigsties was 0.11 
and 0.19%, but it increased to 0.29% (I) during tending works. Average 
ammonia content in pigsties was 8.89 and 18.07 ppm, but it increased to 
32 ppm in liquid manure system pigsty aft er cleaning and tending works. 
Results measured at diff erent heights in pig-pens and tending passages 
were diff erent from average daily values measured in the pigsty (I, Fig. 4 
and 5), and exceeded recommended values in case of relative humidity 
and ammonia content (Fig. 4.1). Th is means that in winter it is necessary 
to enhance the effi  ciency of humidity regime and gas composition and 
improve ventilation in pigsties.
Temperature measured in winter at the height of animals (I) was 16.2-
16.4°C and 21.9-22.2°C in the pigsty for fattening pigs and young pigs, 
respectively (Fig. 4.1).
In summer in deep-litter pigsties and pigsties with liquid manure system 
studies carried out showed that major factors aff ecting the indoor climate 
of pigsties are outdoor climate and tending works (II). Average daily 
indoor temperatures in deep-litter pigsty and pigsty without litter (17.04 
and 17.60°C respectively; outdoor temperature of 18.15 and 8.75°C) 
and relative humidity (68.11 and 78.6% respectively; outdoor relative 
humidity 71.88 and 84.19%) were within recommended limits. But in the 
pigsty for young pigs partial fl oor heating had to be used in order to ensure 
optimal temperature and relative humidity of indoor air in the mornings. 
Due to good ventilation of the pigsty, daily average carbon dioxide content 
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(0.06 and 0.07%) and ammonia content (20.9 and 8.7 ppm) were within the 
standard limits. But the content of ammonia in the air of pigsties exceeded 
standard limits during tending works, being 43 ppm in deep-litter pigsty 
and 27 ppm in pigsty with liquid manure system (Fig. 4.2, II).
Fig. 4.1. Average numeric values of indoor climate parameters in deep-litter pigsty 
A and pigsty B with liquid manure system, measured in the pig-pen at diff erent 
heights.
As a result of this summer study the graphical and empirical relationships 
were determined between the concentration of ammonia and indoor 
temperature in the deep-litter pigsty A (R21=0.946, n=6,000) (Fig. 4.3) 
and in pigsty with liquid manure removal system B (R22=0.795, n=9,000) 
(II, Fig. 5):
as well as combined eff ect of the temperature and relative humidity 
(Fig. 4.4) with the following functions (R23=0.966, n=12,000; R
2
4=0.7949, 






Fig. 4.2. Daily change of numeric values of indoor climate parameters in pigsty 
with liquid manure system in summer: 1– temperature, 2– relative humidity, 
3– oxygen, 4– carbon dioxide, 5– ammonia, 6– air velocity.
Th e study of indoor climate parameters in the resting area in pig-pen 
(I, Fig. 4) showed that temperature was higher at the surface of deep litter 
in the air zone of pigs in pigsty 1 (16.4°C) than at the height of 2.0 metres 
(15.2°C). In the pigsty where for young pigs were kept on concrete fl oor 
with water heating, the diff erence of air temperature was insignifi cant.
Carbon dioxide concentration (0.13 and 0.19%) was virtually equal at 
the resting height of pigs in both pigsties, but considering that the fl oor 
of resting area was humid in the pigsty without litter, the carbon dioxide 
headed upwards together with water vapour, thus aff ecting oxygen content 






Fig. 4.3. Ammonia content correlation in air temperature in the deep-litter 
Pigsties in summer.
Fig. 4.4. Ammonia content correlation in air temperature and relative humidity 
in the liquid manure pigsty.
In winter of low-litter pigsties the numeric values of indoor climate 
parameters are aff ected by feeding of animals and manure removal 
(III, IV). Outdoor climate has major impact on indoor climate in a pigsty 
with insuffi  cient insulation. Average air temperature in winter in low-litter 
pigsty No 1 (IV) was lower (7.69°C) than in liquid manure pigsty No 2 
due to poor insulation of the building, resulting in high relative humidity 
(99.3%) with low outdoor air temperature (-20°C). Daily average content 
of ammonia in pigsties was 10.26 until 22.47 ppm (III, IV), but it increased 
to 48.75 ppm (III) in scraper pigsty and to 27.49 ppm (IV) in chain scraper 
fl ow line pigsty during tendering works in the evenings.
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In summer of low-litter pigsties the temperature was 21.9 ja 24.5°C, 
which is within the allowed limits and relative humidity was 75.8 and 78.3%, 
exceeding the recommended limits due to high outdoor air humidity and 
washing of pig-pens (V). Daily ammonia content was 9-21 ppm, but it was 
increased to 34 ppm in the pigsty for fattening pigs during the maintenance 
of feed distribution equipment and during intensive movement of animals in 
the pigsty at the time of manure removal (43 ppm) from feeding area (V). 
In the fattening pigs where wider manure passage with scraper device was 
used for manure removal, the content of ammonia increased to 44.54 and 
increased to 51.73 ppm during cleaning works in the low-litter pigsty for 
1,000 fattening pigs (VI).
4.2. Amount of working time for pig-tending
Th e study examined diff erent technologies for feeding, watering, cleaning pig-
pens and feeding passages, manure removal, and litter spreading. Th is involved 
diff erent technological pig groups (young pigs, fattening pigs, gestating sows 
and farrowing sows with piglets) (VII, VIII, Reppo & Sada 2000).
In general, the amount of working time is rather diff erent in case of 
diff erent pig-keeping technologies, due to tending activities used, type and 
number of pigs both in a group and in a pen, placement of pens in pigsty, 
feed rations and physical capacity of tenders. 
It appears (VII, VIII) that reduced amount of working time for feeding 
fattening pigs upon mechanised feed distribution by using fully automated 
feeding device “Roxell” and barrow EK-2 was 0.35 and 0.56 minutes, 
respectively, per 10 fattening pigs per day (VII and VIII, Table 1). Size 
of herd was 700 (730) and 1000 animals, respectively. In case of using 
pre-programmed automated feeding device there is virtually no human 
working time.
Upon manual feeding the amount of working time was lower when  the 
time for fodder delivery to the automatic feeder “Groba” by using a bucket 
and forage trough was 0.64 and 0.58 minutes per 10 fattening pigs or 
young pigs (VII, Table 1), respectively, whereas the size of herd was 1,000 
fattening pigs and 650 young pigs, respectively. When feeding fattening 
pigs, the barrow was fi lled from hopper, in case of young pigs, single feeding 
was used.
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Th e greatest daily specifi c amount of working time was 2.14 minutes 
per sow upon feeding with dry fodder in the section with 48 sows and 
220 piglets (VII, Table 2).
Manure removal in pigsties was performed by using technology where 
manure was manually scraped from pig-pen to manure passage and 
removed by using chain scraper conveyor TSN-3.0B (in case of herd of 
1,000 fattening pigs by using wing scraper US-15).
As for manual cleaning of pig-pens the amount of working time was the 
lowest (0.47 minutes per 10 pigs per day) in case of manure removal from 
1000 fattening pigs (VII and VIII, Table 1). It occurs that the amount of 
working time is equivalent in case of similar group sizes.
Mechanical time was the lowest in case of manure removal by conveyor 
(0.14 minutes per 10 fattening pigs per day) (VII, Table 1) or by scraper 
device US-15 in case of the herd of 1,000 fattening pigs, and the amount of 
working time was the highest (0.88 minutes per 10 pigs) in the section of 
230 gestating sows (VII, Table 2) with chain scraper conveyor TSN-3.0B. 
It appeared (VII, VIII) that using drinking devices reduced the tending 
time signifi cantly (VII, Tables 1-2).
4.3. Degree of work diffi  culty of pig-tender
Th e work load rate was studied during working day (VII, Fig. 4.5; VIII) 
and separately (VIII, Sada 2003) when feeding animals (Table 4.1, VIII), 
removing manure and spreading litter (Table 4.2, VIII).
Th e study (VII, Fig. 1) revealed that tender’s work load for tending 500 
pigs was higher in case of spreading litter and cleaning passages, the highest 
heart rate being 160 beats per minute. During the work shift  the tender’s 
work load rate was medium heavy (M), but during cleaning works it turned 
into very heavy (VH).
Tender’s work intensity was medium heavy when feeding 100 sows with 
piglets with automated liquid fodder conveyor “Pellon”, but during fi lling 
the automatic feeders with dry fodder, the tender’s heart rate increased to 
130 beats per minute, i.e. the work intensity became heavy (VII, Fig. 2).
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In low-litter pigsties where fodder was distributed manually, the tenders’ 
work load rate ranged from light (L) to heavy (Table 4.1, Sada 2003, 
VIII), whereas it was considered light when feeding 48 sows and heavy 
when feeding 850 fattening pigs and 100 sows by using feeding technology 
barrow-trough and barrow-automatic feeder. 



























Low-litter Bar-tro W 41 127 H
640 young pig Low-litter Bar-tro W 59 104 M
36 sows/
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[1] Bar-tro – manual feeding from barrow to trough;
       Bar-aut – manual feeding from barrow to self-acting automatic fodder;
       Bar-aut/Batbar-tro – tender use several technology, manual feeding from barrow to  
             self-acting automatic fodder and from battery barrow to trough
       Aut – self-acting automatic fodder
[2] M – Male; W – Women
[3] Work intensity: L – Light; M – Moderate; H – Heavy
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Feeding of 600 fattening pigs and 200 young pigs in deep-litter pigsty was 
performed by automated feeding conveyor Roxell, where the tender only 
had to clean the feeding area and the average work intensity was heavy 
(Table 4.2, VIII).
In case of manure removal with conveyor system, the work load rate for 
tending works ranged from light to heavy. Main tending works included 
cleaning pens and spreading litter (Table 4.2, VIII).
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Fig 4.5. With deep litter 1270 pigsties tender pulse rate and degree of work 
diffi  culty: L-Light, M-moderate, H-heavy, VH-very heavy.
Average tender’s heart rate in deep-litter pigsty with 1270 fattening pigs 
was 102 beats per minute, which makes it medium heavy eff ort for work, 
but it became very heavy when cleaning the pens (Fig. 4.5, VIII) which 




In view of the fact that in addition to small low-litter pigsties, large unheated 
deep-litter pigsties or liquid manure pigsties with fl oor heating have been 
introduced, this present research aimed at studying the compliance of 
numeric values of indoor climate parameters in winter and in summer with 
allowed standard limits. Th ese represent daily average numeric values of 
parameters. Another interesting issue is the formation of indoor climate 
parameters such as temperature, relative humidity and gas content at 
diff erent height in the animal zones and human working zones.
Crucial parameters of indoor climate of animal-keeping premises include 
indoor air temperature, relative humidity and ammonia content (Kender et 
al. 1998, Reppo 2003). Recommended minimum indoor air temperature 
for fattening pigs and young pigs is 7-15°C and maximum temperature is 
25-27°C, and optimal temperature ranges from 15 to 22°C, depending on 
the age and live weight of animals. Daily changes in the air temperature of 
pigsties should not exceed 2-3°C (CIGR 1984, Rosti 1988, Maatalouden…
1990, Tuunanen and Karhunen 1984). Recommended range of relative 
humidity is around 60-80% (Brent 1991, recommended also 60-85%), 
but it should not exceed 85%, because that is usually accompanied by 
deterioration of other indicators of indoor climate (Farmide... 1987, Mothes 
1973). Optimum temperature for humans in ordinary clothes (no coverall) 
is 18…20°C in case of light physical eff ort (Liiske 2002). At optimum air 
temperature, the thermoregulation is minimal. Recommended relative 
humidity is mast be between 30-70%, in case of moderate and hard the 
degree of the work diffi  culty and if indoor temperature is over 25°C then 
relative humidity mast been below 50% (Tuure 1995).
In case of outdoor air temperature -0.4-(+2.9°C) measured near deep-litter 
pigsty A, the daily indoor air temperature ranged from 11.1-14.2°C, which 
was within allowed standard limits (Maatalouden…1990) (I). Th e lower 
the air temperature (as compared to optimal temperature), the worse the 
growth or fattening results (CIGR 1984, Liiske 2002). In order to avoid 
such situation the pigsty needs to be heated. 
Daily measurement of indoor climate in winter showed that air temperature 
was more even and higher in pigsty B without litter and with well-
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insulated walls and ceilings, properly functioning ventilation, fl oor heating 
and manure removal into drain channel (I). Average relative humidity 
was 82.63 and 88.42%, which exceeded standard recommended values 
(I, Table 2; Fig. 1-3). 
A study of the indoor climate in deep-litter pigsty A (I, Fig. 1 and 2) revealed 
a noticeable impact of outdoor air temperature and relative humidity on 
indoor climate.
Animal respiration and the processes occurring on the surface of manure 
cause the generation of carbon dioxide and ammonia, which are considered 
harmful gases (Rosti 1988). Th e sources of reference and standards provide 
diff erent information concerning the concentration limits of carbon 
dioxide. Pursuant to Finnish data (Maatalouden..., 1990) human evaluation 
of air deteriorates already in case of concentration of 0.1% and ventilation 
is necessary in case of 0.25%. According to German researcher Mothes 
(1976), the maximum allowed concentration of carbon dioxide is 0.35% 
in the air zone of animals and 0.50% in human work zone. Pursuant to the 
occupational health and safety requirements the carbon dioxide content 
of 0.50% is considered harmful for human (Seppänen O. and Seppänen 
M. 1998). Pursuant to the standards applicable in the Republic of Estonia 
(http://riigiteataja...12874145, 2009) the content of carbon dioxide 
allowed in the air of human environment is up to 0.50%.
Daily measurement of carbon dioxide concentration indicated average 
concentration of 0.11 and 0.19% in the air of pigsties, increasing to 
0.14 in pigsty A and to 0.29% in pigsty B during tending works, accompanied 
by lower oxygen content (I, Fig.1 and 3). According to the calculations by 
Jürgenson (1951) the content of carbon dioxide in winter remains higher 
than 0.17%, but it should be below 0.17% where possible.
Th e information also varies in case of the highest concentration of 
ammonia in the air. Allowed concentration of ammonia in the air is up 
to 20 ppm in the European Union (CIGR, 1984). Estonian standards 
(http://riigiteataja...12874145, 2009) and Finnish authors (Tuunanen and 
Karhunen, 1984) refer to 20 and 25 ppm as the allowed average standard 
limit in the air inhaled in human working zone.
Th e data provided by several authors (Mothes 1976, Einberg 2001, Pals 
2003) reveal that the air emission of ammonia in the premises used for 
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animal keeping depends on the handling of manure, air temperature and 
relative humidity. It is also noted that the amounts of ammonia emitted 
from the manure are higher in the case of higher air temperature and 
higher relative humidity. Th e combined impact of these parameters on 
content of ammonia in pigsties in summer is presented both graphically 
and empirically in Article II.
Research revealed (I) that in case of higher air temperature in without litter 
pigsty B daily average ammonia concentration (18.1 ppm) was higher than 
in deep-litter pigsty A (8.9 ppm), but in case of good ventilation (average 
air velocity 0.12 and 0.15 ms-1, respectively) (I, Table 2) the concentration 
remained within the standard limits. Air emission of ammonia was 
increased during tending works, when pigs were awake, moving around, 
treaded the manure and carried it around. Th erefore it is necessary to 
increase ventilation in piggeries during tending works, especially when 
cleaning the pig-pens.
While daily average numeric values of indoor climate parameters of 
pigsties (except relative humidity) were mostly within the standard limits, 
the results measured at various heights in pig-pens and tending passages (in 
human work zones) indicated that they diff ered from daily average values 
and, in case of relative humidity and content of ammonia, even exceeded 
these recommended values.
Th e study of indoor climate parameters in pig-pen revealed (I, Fig. 4) 
that in pigsty A the temperature was higher at surface of deep-litter 
when measured at the height of pigs (16.4°C) than at the height of 
2.0 metres (15.2°C). In liquid manure pigsty B, where young pigs were kept 
on concrete fl oor with water heating, the diff erence in air temperature in 
diff erent height zones was insignifi cant.
Content of carbon dioxide at the height of animals (0.13 and 0.19%) was 
within standard limits in both pigsties. Considering that pigs were awake 
during measurement (as they are during tending works), it generated higher 
relative humidity and carbon dioxide headed upwards together with water 
vapour, thus aff ecting oxygen  content of upper air layers (I).
Research results confi rm that air emission of ammonia depends on relative 
humidity of the premises and the increase in relative humidity cases increase 
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in the content of ammonia (II). It is noted (Einberg, 2001) that the air 
emission of ammonia may be rather high near the surface covered with 
manure, particularly with liquid manure. It is said (Karhunen, 1992) that 
the content of ammonia is the highest beneath the ceiling of the pigsty. 
Our research results confi rm (I) that ammonia content is higher in the 
lower air layers, near its source.
High ammonia content was measured in lower air layers of a pig-pen in 
pigsty A, yielding an average of was 39.0 ppm at the height of 0.1 metres 
(I). Partial transfer of drinking water to the rest area and insuffi  cient straw 
supply caused increase in relative humidity and air emission of ammonia. 
As the density of ammonia (0.7714 kg/m3) makes it lighter than air 
(1.2928 kg/m3), it goes up, but is well-soluble in water vapours by neutral 
reaction and is reduced in upper air layers (Mothes 1976).
Air temperature measured in tending passages was higher in pigsty B, 
which was due to water-heated fl oor (I, Fig. 5). Content of carbon dioxide 
was also higher in upper air layers in pigsty B, thus reducing oxygen content 
in these layers. However, both air temperature and contents of carbon 
dioxide and oxygen were within the allowed standard limits. Meanwhile, 
in case of high relative humidity, the ammonia content at the height of 
1.5–2.0 metres was extremely high (up to 30 ppm), which indicates the 
need  to adjust ventilation.
It appeared that in winter the indoor climate of pigsties is particularly 
aff ected by high relative humidity and content of ammonia that exceed 
recommended limits. Ventilation systems of currently used pigsties need to 
be improved or replaced by modern systems.
In pigsties with low litter, air emission of ammonia is increased by wider 
manure passages, where manure is removed by using scrapers. Th e situation 
would be improved by using technology with narrower manure passages 
and chain or bar conveyor. Animal-keeping without litter or liquid manure 
system is also suitable, but it requires well-ventilated passage systems. Th e 
amount of working time and degree of work diffi  culty would also be lower.
It appeared that in low-litter pigsties the average values of air temperature 
in winter (15.37-21.89°C) were virtually within allowed limits. In winter 
the measured relative humidity exceeded recommended limits in the pigsty 
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1 with scraper conveyor, yielding 88.4%. In winter, if closed doors and 
windows and normal ventilation, the ammonia content reached 48.7ppm, 
in both measuring (in diff erent places and heights) the permitted limits were 
exceeded. Th e ammonium hydrate was extremely critical in winter in pigsty 
1, where manure was removed by scraper device with wide channel (III).
5.2. Amount of working time of pig-tender
Usually the evaluation of farm technologies and machinery is performed 
on the basis of technical-economical indicators (such as reliability, ease 
of use, costs related to working time and exploitation, etc.). Amounts 
of working time are presented in KTBL standard tables by pig-herds 
consisting of 50, 100, 200, 300, 500, 1000 pigs and in TMRM standards 
by pig-herds consisting of 60, 120, 250, 500 pigs. Finnish working time 
standards include data about smaller herds. Th is is due to smaller pig farms 
in Finland. In the present research the working time expenses have been 
studied in big farms (VII, VIII).
Th e study of the amount of working time revealed (VII, VIII) that 
the specifi c amount of working time was the lowest (0.24, 0.35 and 
0.56 minutes per 10 fattening pigs per day) in pigsties with 500, 700 (730) 
and 1000 fattening pigs where automated conveyor Pellon, Roxell or barrow 
was used for distribution of liquid and dry fodder to feeding trough. Th ere 
is virtually no human working time in case of using automated conveyor.
In case of manual feeding, the amount of working time was smaller  in 
1,000 fattening pigs when distributing fodder from barrow to automatic 
feeder “Groba” and in case of the 650 young pigs feeding from the trough 
– 0.64 and 0.58 minutes per 10 pigs, respectively.
Th e specifi c amount of working time for cleaning pig-pens was the greatest 
(1.76 min per 10 pigs per day) in case of herd of 300 fattening pigs 
(VII, VIII). In case of mechanised manure removal, the specifi c amount of 
working time was smaller (almost mechanical time values) in large farms 
and pigsties, where wing scraper was used.
Selection of fodder distribution technologies should be based on the size of 
herd and biological type of animal. Manual feeding is unthinkable in pigsties 
with more than 500 pigs due to high volume of fodder to be delivered. In 
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terms of specifi c amount of working time (VII) and the tender’s degree of 
work diffi  culty it is more rational to use mechanised feeding. 
In order to transport and spread the litter the most time (0.86 minutes 
per 10 fattening pigs) was spent in case of group of pigs consisting of 
300 animals. Comparing the obtained results with this given in literature 
(KTBL 1994), i.e. 0.47 minutes per ten fattening pigs, the larger working 
time expense can be explained by longer transportation distances. 
5.3. Degree of work diffi  culty of pig-tender 
Various methods have been used for assessment of worker’s energetic 
physical eff ort for work and through this the level of his workload (OWAS, 
ERGOLOG, VIRA, ARBAN, etc.) (Tuure 1991). Th ese methods are 
complicated, inaccurate and inadequate for assessing works performed 
during animal-keeping. Th e energetic work load of milkers and farm 
workers has been determined (Reppo 1997) by using constant registration 
of heart rate during diff erent work operations. Th ere have been no previous 
studies on the energetic work load of pig-tenders as an important ergonomic 
parameter.
Th e average work load rate of pig-tenders (Table 4.1, VIII) is generally 
medium heavy. It is light in case of feeding pigs by using automated feeder, 
where fodder is taken from hopper and extra works (such as manual loading 
of fodder in barrow) are unnecessary. In case of feeding into trough the 
work load rate is higher, because fodder is distributed along trough as well. 
Distribution of fodder to farrowing sows was considered light because the 
size of herd was smaller.
In pigsties where animals were fed once a day (VII), the working environment 
imposed greater work load on tenders than in pigsties where animals were 
fed twice a day. In both cases the fodder was manually loaded to the barrow 
and fed from barrow to trough. Th e work load rate was heavy, and it could 
be eased by feeding animals twice a day or by introducing fi lling barrow 
from fodder hopper.
In terms of the degree of work diffi  culty, straw spreading in deep-litter 
pigsty was considered to be medium heavy and heavy and cleaning the pig-
pens in low-litter pigsties was considered heavy (Table 4.2, VIII).
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6. CONCLUSION
Based on research results, the following conclusions can be made:
1. Th e analysis of literature revealed that:
- Research on pigsties has mostly been focused on the air 
temperature, relative humidity, air velocity and – to some extent – 
gas composition. Generally, such research has been carried out in 
small pigsties for up to 500 pigs or in customised laboratories;
- Less information is available on daily simultaneous multi-
parametric measurements of indoor climate of pigsties depending 
on their outdoor climate and animal keeping methods and 
technologies used, but also on simultaneous multi-parametric 
measurements at diff erent heights of animal areas and human 
working space;
- Daily amount of working time is mainly determined in smaller pig 
farms for 50-100 animals (Finland), or in case of Germany in a 
farm for 1000 animals;
- Worker’s energetic workload has mainly been assessed in industry, 
based on working position and nature of work. Th ere is no 
information available about the assessment of technologies by using 
pig-tender’s degree of work diffi  culty. 
2. Daily studies of indoor climate performed in winter in deep-litter 
pigsties and pigsties without litter with liquid manure system 
showed that numeric values of indoor climate parameters are aff ected 
by outdoor climate and tending works. Average daily temperatures 
measured in pigsties were 12.38°C and 25.08°C, respectively, in case 
of outdoor temperatures of 0.91 and 0.28°C (I, Table 2), which is 
within the standard allowed limits. Air temperature was more even 
and higher in pigsty without litter and with well-insulated walls and 
ceilings, properly functioning ventilation, fl oor heating and manure 
removal into drain channel. Average daily concentration of carbon 
dioxide was 0.11 and 0.19%, respectively, increasing to 0.14 and 
0.29% during tending works, accompanied by lower oxygen content. 
Average ammonia concentration measured in pigsties was 8.9 and 
18.1 ppm, respectively, but increased to 32.0 ppm in a pigsty without 
litter during cleaning the automatic feeders (I, Fig. 1 and 3), when 
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pigs were moving around and disturbed; which confi rms the need to 
increase ventilation during tending works.
3. While daily average numeric values of indoor climate parameters of 
pigsties were mostly within the standard limits, the results measured 
at various heights in pig-pens and tending passages (in human work 
zone) indicated that they diff ered from daily average values (I, Fig. 4 
and 5). Relative humidity (up to 93%) and content of ammonia (up 
to 39 ppm) in deep-litter pigsty at the height of animals exceeded 
the recommended values, which should be considered when 
designing ventilation and local ventilation systems. Th e temperature 
was higher at the surface of deep-litter when measured at the height 
of pigs (16.4°C) than at the height of 2.0 metres (15.2°C). In pigsty 
without litter, where young pigs were kept on concrete fl oor with 
water heating, the diff erence in air temperature in diff erent height 
zones was insignifi cant. Content of carbon dioxide at the height of 
animals (0.13 and 0.19%) and at the height of humans (0.11 and 
0.17%) was within standard limits in both pigsties.
4. Studies carried out in summer in deep-litter pigsties and pigsties 
without litter showed that the major factors aff ecting the indoor 
climate of pigsties are outdoor climate and tending works (II). 
Average daily indoor temperatures in both pigsties 17.04 and 
17.60°C, respectively, (outdoor temperature of 18.15 and 8.75°C); 
and relative humidity 68.11 and 78.59%, respectively, (outdoor 
relative humidity 71.88 and 84.19%), were within recommended 
limits. But in the pigsty with liquid manure system for young pigs, 
heating has to be used in order to ensure optimal temperature and 
relative humidity of indoor air in the mornings. Daily average carbon 
dioxide content (0.06 and 0.07%) and ammonia content (20.9 and 
8.7 ppm) of the pigsties were within the standard limits. But the 
content of ammonia exceeded standard limits during tending works, 
being 43 ppm in deep-litter pigsty and 27 ppm in pigsty with liquid 
manure system. Th erefore it is necessary to increase ventilation in 
piggeries during tending works, especially when cleaning pig-pens 
(II, Table 2, Fig. 1 and 3).
5. Th e graphical and empirical impact of the interaction of air 
temperature and relative humidity in summer was determined on 
the concentration of ammonia in deep-litter pigsties and pigsties 
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without litter (II, Fig. 5 and 6, functions 1-4). Research results 
confi rm that ammonia content is higher in the lower air layers, near 
its source (I).
6. In pigsties with low litter the indoor climate of pigsties is aff ected 
by outdoor climate, feeding of animals and manure removal. 
Outdoor climate has major impact on indoor climate in a pigsty with 
insuffi  cient insulation. Average air temperature in a pigsty was 7.67°C 
(IV) in winter (outdoor temperature  20°C), and 21.9 and 24.5°C 
in summer (outdoor temperatures 18.6 and 21.7°C, respectively) 
(V). Relative humidity was high in winter, with the average value 
reaching 99.3% (IV). Air emission of ammonia is increased by 
wider manure passages, where manure is removed by using scrapers 
(III, Table 2; VI, Table 2).
7. In case of manual feeding, the amount of working time was smaller 
when distributing fodder for 1000 fattening pigs by using battery-
powered barrow (0.56 min per 10 fattening pigs), when distributing 
fodder from barrow to automatic feeder “Groba” (0.64 min per 10 
pigs) and when distributing fodder from barrow to feeding  trough 
(0.58 min per 10 pigs). Th ere is virtually no human working time in 
case of using automated conveyor.
8. Th e amount of working time of the pig tender was the greatest in low-
litter pigsties during cleaning pig-pens and spreading litter in case of 
herd of 300 pigs (1.76 and 0.86 minutes per 10 fattening pigs) (VII). 
In case of manure removal, the specifi c amount of working time was 
smaller (almost mechanical time values) in large pigsties.
9. Th e degree of work diffi  culty of pig-tender during feeding the pigs 
is generally medium heavy. Th e work load rate was considered light 
when feeding pigs by using automatic feeders, and heavier when 
feeding pigs from trough. Th e work load rate was very heavy when 
spreading straw litter in deep-litter pigsty (Fig. 4.5, VIII) and heavy 
when cleaning passages in low-litter pigsties (VII, Fig. 1). In deep-
litter pigsties mechanised spreading of litter should be used.
 Comparison of diff erent animal-keeping methods and technologies 
and an assessment by factors of indoor climate parameters, amount 
of working time and degree of work diffi  culty reveal the following:
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- the indoor climate of deep-litter pigsties and low-litter pigsties 
used in the study were aff ected by outdoor climate and tending 
works; in winter the indoor climate of pigsties was particularly 
aff ected by high relative humidity and content of ammonia that 
oft en exceed recommended limits. Ventilation systems of currently 
used pigsties need to be improved or replaced by modern systems. 
Indoor climate parameters were better in pigsties without litter, 
where fl oor heating and properly functioning ventilation were used 
in order to ensure daily suitable and even air temperature;
- in pigsties with low litter, air emission of ammonia is increased 
by wider manure passages, where manure is removed by using 
scrapers. Th is situation would be improved by using technology 
with narrower manure passages and chain or bar conveyor. Animal-
keeping without litter i.e. liquid manure system is also suitable, but 
it requires well-ventilated passage systems. Th e amount of working 
time and degree of work diffi  culty during cleaning the pig-pens 
would also be lower;
- in terms of the amount of working time and tender’s degree of work 
diffi  culty, the following feeding technologies should be used:
• fully mechanised technology for large pigsties (more than 
500 pigs), where time-programmed automated dry or liquid 
fodder distribution systems are used;
• technologies suitable for smaller pigsties consist of 
technologies such as fodder hopper-moving fodder 
distributor-trough or fodder hopper-barrow-automated feeder 
(e.g. “Groba” type).
In order to ascertain the purposeful pig-keeping methods it is necessary 
to continue research for determining economical (e.g.: construction and 
technology costs and exploitation costs) and ecological indicators.
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SUMMARY
Research was performed in summer and in winter in deep-litter, without 
litter and low-litter pigsties with various keeping technologies, by assessing 
the indoor and outdoor climate parameters.
Data Logger set with sensors was used for studying air temperature, 
relative humidity, air velocity and contents of oxygen, carbon dioxide and 
ammonia during a day at diff erent heights, in terms of cross-section and 
diagonal of the premises, depending on tending works. Research results are 
presented in the form of graphs, diagrams and tables prepared on the basis 
of statistical processing.
Th e graphical and empirical impact of the interaction of air temperature 
and relative humidity in summer was determined on the concentration of 
ammonia in deep-litter pigsties and pigsties without litter.
In the course of the study daily amount of working time and tender’s 
degree of work diffi  culty were determined in pigsties with diff erent animal-
keeping technologies.
Th e results of multi-parametric study of the working environment of 
pigsties allow supplementation of data that provide basis for evaluation and 
selection of most purposeful animal keeping methods and technologies 




Sigalate sisekliima ja loomapidamistehnoloogiate 
hinnang töökeskkonna tegurite alusel.
Uurimistöö eesmärgiks oli sigalate töökeskkonna mitmepara-meetrilise 
uurimise kaudu täiendada andmeid, mis võimaldavad hinnata ja valida 
sisekliima, tööajakulu ja töö raskusastme tegurite kaudu otstarbekamaid 
loomapidamisviise ja -tehnoloogiaid. 
Sellest tulenevad ülesanded olid:
1. Teemaalase kirjandusega tutvumine ja analüüsimine.
2. Uurimisele kuuluvate seafarmide valik ja metoodika koostamine.
3. Loomade erineva pidamisviisidega (sügavallapanul, allapanuta ja 
vähesel allapanul) sigalate üldise ööpäevase ja tsonaalse (erineval 
kõrgusel loomade paiknemise- ja inimese töökohtadel) sisekliima 
parameetrite arvväärtuste muutuste uurimine.
4. Loomade käitumise ja tehtavate tööde mõju uurimine sigala 
sisekliimale.
5. Temperatuuri ja suhtelise niiskuse samaaegse mõju uurimine sigala 
õhu ammoniaagisisaldusele.
6. Sigade talitamisel ööpäevase tööajakulu määramine.
7. Seatalitajate töö raskusastme määramine.
8. Sigade pidamistehnoloogiate hinnang.
9. Järelduste tegemine.
Uurimistöö uudsuseks on loomade erinevate pidamisviiside ja 
pidamistehnoloogiatega töökeskkonna pikaajalised kompleks-uuringud, 
mida tehti erinevatel aastaaegadel ning mis sisaldasid sigalate sisekliima 
mitmeparameetrilisi üheaegseid mõõtmisi (I, II, III, IV, V, VI), samuti 
loomapidamisega seotud tööajakulu ja töö raskusastme (VII, VIII) 
määramist.
Käesolevat uurimistööd tehti suvel ja talvel loomade pidamisviisiga sügav-
allapanul, allapanuta ja vähesel allapanul erinevate pidamistehnoloogiate ja 
loomaliikidega seafarmides.
Sisekliima uurimiseks kasutati ALMEMO Data Loggeri 8990-8 komplekti 
koos anduritega õhu temperatuuri, suhtelise niiskuse, liikumiskiiruse ja 
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hapniku-, süsinikdioksiidi- ning ammoniaagi kontsentratsiooni mõõtmiseks 
ööpäeva kestel kõrgusel 1,5 meetrit ja päevasel ajal sigala erineval kõrgusel 
(0,1; 0,5; 1,5 ja 2,0 meetrit põrandast), hoone ristlõikes ja diagonaalis (I-VI). 
Ammoniaagi-sisaldust õhus määrati ka Gas Monitor Pac III fi rmalt Dräger 
Safety AG & Co KGaA seadmega. Välisõhu temperatuuri ja suhtelist 
niiskust mõõdeti fi rma Rotronic seadmega HygroLog koos anduriga 
HygroClip S. Mõõtmistulemusi analüüsiti arvutiprogram¬miga AMR 
WinControl, Pac III Soft ware 3.nn, HW3, Excel, SAS. Uurimis¬andmeid 
tutvustatakse graafi kute ja statistilise töötlemisega saadud diagrammide 
ning tabelitega.
Sügavallapanuga sigala juures mõõdetud välisõhu temperatuuri 
-0,4-(+2,9°C) puhul oli siseõhu temperatuur ööpäevaringsel mõõtmisel 
vahemikus 11,1-14,2°C, mis ei väljunud normidega (Maatalouden…1990) 
lubatud piiridest (I). Uurimustest tuleneb (I, joonised 1 ja 2), et välisõhu 
temperatuuri ja suhtelise niiskuse mõju sisekliimale on märgatav. Mida 
madalamale langeb õhutemperatuur, seda halvemaks muutuvad nuuma 
või kasvu tulemused (CIGR 1984; Liiske 2002). Selle ärahoidmiseks tekib 
vajadus sigalat kütta.
Talvised sisekliima ööpäevaringsed mõõtmised näitasid, et õhu temperatuur 
on ühtlasem ja kõrgem allapanuta sigalas, kus oli paremini soojustatud seinad 
ja laed, hästi toimiv õhuvahetus ning kasutusel põrandaküte ja sõnnikut 
eemaldati valgkanalisse. Õhu suhteline niiskus oli keskmiselt 82,63 ja 
88,42%, ületades normatiivselt soovitatavat (I, tabel 2, joonis 1-3). 
Talvel mõjutavad vähese allapanuga sigalate sisekliima parameetrite 
arvväärtusi loomade söötmine ja sõnniku eemaldamine (IV). Väliskliima 
mõjutab sisekliimat rohkem sigalas, kus ruumid on puudulikult 
soojustatud. Selgus, et uuritavates vähese allapanuga sigalates olid talvise 
õhu temperatuuri keskväärtused (15,37-21,98°C) praktiliselt lubatud 
piirides (III). Mõõdetud õhu suhteline niiskus ületas talvel soovitatavuse 
piiri skreeperseadmega sigalas, ulatudes 88,4%. Sõnniku eemaldamise ajal 
laias sõnnikurennis suurenes ka ammoniaagisisaldus 48,7 ppm-ni (III).
Suvel vähese allapanuga sigalate keskmine temperatuur oli 21,9 ja 24,5°C 
ning suhteline niiskus 75,79 ja 78,31%, olles sigalates praktiliselt lubatud 
piirides (V). Ammoniaagi ööpäevane sisaldus oli keskmiselt 16,8 ja 
18,0 ppm, kuid suurenes nuumikute sigalas 34 ppm-ni söödajaotusseadmete 
hooldamisel, mis tekitas loomade intensiivse liikumise (V). 
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Uurimistulemusena määrati suvel ammoniaagi kontsentratsiooni graafi lised 
ja empiirilised sõltuvused nii siseõhu temperatuurist sügavallapanul sigalas 
A (R21=0,946, n=6000) (joonis 4.3) ja vedelsõnnikusüsteemiga sigalas 
B (R22=0,795, n=9000) (funktsioonid 4.1 ja 4.2, II), kui ka temperatuuri 
ja suhtelise niiskuse koosmõjust (joonis 4.4) funktsioonidega (n=12000, 
R23=0,966; n=18000, R
2
4=0,7949) (funktsioonid 4.3 ja 4.4, II).
Uurimistulemused kinnitavad, et ammoniaagisisaldus on õhu madalamates 
kihtides suurem, mille põhjuseks on tekkekoha lähedus (I, III, VI). 
Sügavallapanuga sigalas looma kõrgustsoonis õhu suhteline niiskus (kuni 
93%) ja ammoniaagisisaldus (kuni 39ppm) ületasid soovitatavaid väärtusi 
(I), millega peaks arvestama ventilatsiooni projekteerimisel ja lokaalse 
õhuvahetuse korraldamisel. Leiti, et seasulus oli sügavallapanu pinnal sea 
tsoonis temperatuur (16,4°C) kõrgem kui 2,0 meetri kõrgusel (15,2°C) (I). 
Allapanuta sigalas, kus kesikuid peeti vesiküttega betoonpõrandal, muutus 
õhu temperatuur kõrgustsoonis vähe. Süsinikdioksiidi kontsentratsioon 
oli mõlemas sigalas (I) loomade (0,13 ja 0,19%) ja inimese (0,11 ja 0,17%) 
kõrgusel normatiividega lubatud piires
Ööpäevane tööajakulu määrati seatalitaja töö kronometreeri-misega 
sekundilise täpsusega (VII, VIII). Töötaja ööpäevane tööaeg võeti arvesse 
struktuurskeemi järgi (joonis 3.3), kus tööaeg koosneb püsivast abiajast 
(10 minutit vahetuses riietumisele, pesemisele jne) ja tootmisülesande 
täitmise ajast. Tööpäeva pildistamine toimus tööaja iga tööoperatsiooniks, 
pausiks jne kulutatud aja määramisega, selle kirjeldamisega ning 
kronoloogilises järjekorras vaatluspäevi¬kusse kandmisega. Ööpäevane 
eritööajakulu määrati kümne kesiku, nuumiku ja tiine emise ning ühe 
põrsastega emise kohta.
Uurimisel selgus (VII, VIII), et väiksemad tööajaerikulud (0,24; 0,35 ja 
0,56 minutit 10 nuumiku kohta ööpäevas) olid 500, 700 (730) ja 1000 
nuumikuga sigalates, kus vedel- ja kuivsööta jaotati vastavalt automaatliiniga 
Pellon, Roxell või akukäruga söödakünasse. Automaatliiniga söötmisel 
inimtööaeg praktiliselt puudub.
Leiti, et käsitsi söötmisel olid väiksemad tööajakulud 1000 nuumikule 
sööda jaotamisel söödakärust söödaautomaati Groba ning 650 kesiku 
puhul künasse vastavalt 0,64 ja 0,58 minutit 10 sea kohta.
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Sulgude puhastamisel suurim tööajaerikulu (1,76 min 10 sea kohta 
ööpäevas) oli 300-se nuumikukarja puhul. Sõnniku mehhaniseeritud 
eemaldamisel olid väiksemad tööajaerikulud (praktiliselt masinajad) 
suuremates farmides ja sigalates, kus kasutati tiibskreeperit (VII, VIII).
Seatalitaja töö raskusastet sigade talitamisel uuriti tööpäeva vältel (VII) ja 
ka eraldi loomade söötmisel (tabel 4.1, VIII) ning sõnniku eemaldamisel ja 
allapanu laotamisel (tabel 4.2, VIII). Talitajatel erinevatel töödel mõõdetud 
keskmise ja suurema pulsisageduste järgi määrati töö raskusaste, kasutades 
Rahvusvahelise Tervishoiuorganisatsiooni (WHO) poolt soovitatud 
raskusaste liigitust. Pulsisagedust mõõdeti pulsitestriga Polar 610i Sport 
Tester.
Leiti, et talitajate tööraskusaste sigade söötmisel (tabel 4.1, VIII) on üldiselt 
keskmiselt raske. Kergem on see sigade söötmisel söödaautomaatidest, kui 
võetakse sööta punkrist, siis jäävad ära lisatööd (sööda käsitsi laadimine 
kärusse). Söötmisel künast on koormus suurem, kuna toimub ka käsitsi 
sööda jaotamine piki küna. Sööda jaotamine poegivatele emistele oli 
seatalitaja töö kerge.
Sigalates, kus toimus loomade söötmine kord päevas (VII), koormas 
töökeskkond talitajaid rohkem kui söötmisel kaks korda päevas. Mõlemal 
juhul laaditi sööt käsitsi kärusse ning kärust künasse. Töö raskusastmeks 
oli raske töö, mille kergendamiseks tuleks loomi sööta kaks korda päevas 
või võtta kasutusele käru täitmine söödaga söödapunkrist.
Seatalitajatele osutus keskmiselt raskeks ja raskeks sügavallapanuga sigalas 
põhu laotamine ning raskeks vähese allapanuga sigalates loomade sulgude 
koristamine (tabel 4.2, VIII).
Võrreldes erinevaid loomapidamisviise ja -tehnoloogiaid ning hinnates 
neid saadud sisekliima, seatalitaja tööajakulu ja töö raskusastme alusel võib 
järeldada järgmist:
- sügavallapanuga ja vähese allapanuga uuritud sigalate sisekliimat 
mõjutavad rohkem väliskliima ja tehtavad tööd ning seda kahjustab, 
eriti talvel  ruumi õhu suur suhteline niiskus ja ammoniaagisisaldus, 
mis tihti ületasid soovitatavuse piiri. Sigalates kasutusel olnud 
õhutussüsteemid vajavad täiustamist või väljavahetamist kaasaegsete 
vastu. Sisekliima näitajad olid paremad allapanuta sigalates, kus 
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kasutusel oli põrandaküte ja hästi toimiv õhuvahetus, mis tagas 
ööpäeva vältel sobiva ja ühtlase õhu temperatuuri;
- selgus, et vähese allapanuga sigalates suurendavad ammoniaagi 
emissiooni laiemad skreeperseadmetega sõnnikurennid. Olukorda 
parendaks tehnoloogia, kus kasutatakse kitsas sõnnikurennis kett- 
või lattkraapkonveierit. Sobib ka loomade allapanuta pidamine, 
ehk vedelsõnniku eemaldamine, kuid hästi ventileeritavate 
kanalisüsteemidega. Ka sulgude puhastamisel on tööajakulu ja 
talitaja energeetiline koormatus (töö raskusaste) väiksem;
- leiti, et talitaja tööajakulu ja energeetilise koormatuse seisukohalt on 
sobivad söötmistehnoloogiad:
• suurematele sigalatele (üle 500 sea) täielikult mehhaniseeritud 
tehnoloogia, kus kasutatakse ajaliselt programmeeritud 
sisselülitamisega kuiv- või vedelsööda jaotussüsteeme;
• väiksematele sigalatele tehnoloogiad söödapunker-liikuv 
söödajaoti-söödaküna või söödapunker-käru-söödaautomaat 
(nt “Groba” tüüpi).
Sigalate töökeskkonna mitmeparameetrilise uurimise tulemused 
võimaldavad täiendada andmeid, mille alusel võib hinnata ja valida 
otstarbekaid loomapidamisviise ja -tehnoloogiaid.
Sigade pidamisviiside otstarbekuse väljaselgitamiseks on vaja jätkata uurimist 
majanduslike (näiteks: ehituse- ja tehnika maksumus ning kasutuskulud) ja 
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Indoor climate of pigsty with deep litter and liquid manure 
system in summer 
O. Sada and B. Reppo 
Institute of Technology, Estonian University of Life Sciences,  
Kreutzwaldi St. 56, 51014 Tartu, Estonia; e-mail: boris.reppo@emu.ee 
Abstract. Construction of big deep-litter pigsties and pigsties without litter (using liquid 
manure systems) is becoming more extensive. Due to lack of knowledge concerning animal-
keeping in big pigsties, it has become necessary to study the work environment in pigsties and, 
in particular, their indoor climate. In order to determine the impact of the outdoor climate, 
different methods for animal-keeping and tending activities on indoor climate during 
summertime, the air temperature, relative humidity, air velocity and contents of oxygen, carbon 
dioxide and ammonia were measured on a daily basis at the height of 1.5 m from the floor 
above the pigsty in the centre of deep-litter (800 fattening pigs) and liquid manure system (600 
young pigs) pigsties. Simultaneously outdoor air temperature and relative humidity were 
measured. Data Logger equipment with relevant sensors and Gas Monitor Pac III were used for 
studying the indoor climate. Hydrolog equipment was used for measuring the parameters of 
outdoor climate. Measurement results were processed by using computer programmes AMR 
Win Control, HW3 and MS Excel. 
It turned out that during summertime the indoor climate of pigsties was most affected by 
outdoor climate and tending works. The daily average indoor temperature (17.04 and 17.60°C 
respectively; outdoor temperature, 18.15 and 8.75°C) and relative humidity (68.11 and 78.59% 
respectively; outdoor relative humidity, 71.88 and 84.19%) remained within recommended 
limits for animals in the deep-litter pigsty and in the pigsty without litter. However, partial floor 
heating had to be used in the morning in order to ensure optimum indoor temperature and 
relative humidity in the pigsty for young pigs. Due to good ventilation in the pigsties the daily 
average contents of carbon dioxide (0.06 and 0.07%) and ammonia (20.9 and 8.7 ppm) 
remained within standard limits. Ammonia content in pigsties was higher during tending works, 
reaching 43 and 27 ppm. As a result of the study, the graphical and empirical relationship was 
determined between ammonia concentration and indoor air both in terms of air temperature and 
combined effect of temperature and relative humidity. 
Key words: air temperature, air velocity, relative humidity, oxygen, carbon dioxide, ammonia, 
outdoor climate, tending activities, ventilation, Data Logger 
INTRODUCTION
A pig farm represents a biotechnical system, „man-machine-animal”, which 
together with the indoor climate of buildings or premises constitutes a work 
environment for producing animal products. Indoor climate parameters of the working 
environment have an impact on the human capacity for work (Liiske et al., 1998; 
Liiske, 2002; Sada & Reppo, 2006) and productivity of animals (Mothes, 1977; Liiske, 
2002). Humidity and ammonia have harmful effects on the premises (Tuunanen & 
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Karhunen, 1986), whereas the indoor climate depends on various factors such as 
applicable tending technology, number of animals, systems for providing animals with 
forage, water and removal of manure, use of litter, and season or outdoor climate 
(Mothes, 1973; MWPS-33, 1989; Kender et al., 1998; Sada & Reppo, 2006). 
There are old pigsties that have been rebuilt where animals are kept on litter in 
group stalls (fattening pigs, young pigs) or in farrowing stalls (sows). But there is a 
tendency towards building bigger pig farms, including those without litter, i.e. pigsties 
with liquid manure removal. The construction of new deep-litter pigsties has also 
started.
Enlargement of pigsties is accompanied by problems regarding achievement of 
required indoor climate of the working environment (increase of air humidity, contents 
of carbon dioxide and ammonia in winter, overheating of premises in summer, etc.). 
There are additional concerns emanating from the European Union, such as the ethical 
production quality and assurance of acceptable odour in ambient air. 
Research on pigsties has mostly been focused on the air temperature, relative 
humidity, air velocity and – to a certain extent – gas composition (Mothes, 1973; 
Tuunanen & Karhunen, 1984; Karhunen, 1994), providing a basis for designing 
ventilation systems for relevant premises. Generally, such research has been carried out 
in small pigsties for up to 500 pigs and in customized laboratories (Tuunanen & 
Karhunen, 1986). Gas composition, its variation on a daily basis and its dependence on 
applicable animal-keeping methods and technologies have been studied to a lesser 
extent.
Due to extensive construction of big pig farms without litter and deep-litter 
pigsties, which use liquid manure systems, it has become necessary to study indoor 
climate in such pigsties. To determine the impact of outdoor climate and different 
methods for animal-keeping on indoor climate during summertime, the air temperature, 
relative humidity, air velocity and contents of oxygen, carbon dioxide and ammonia 
were measured on a daily basis in deep-litter and liquid manure system pigsties. 
Parallel to the observation of animal behaviour, the pig-tenders’ activities were 
observed and outdoor air temperature and relative humidity were measured. 
Data Logger equipment with relevant sensors and computer programme AMR 
Win Control were used for studying indoor climate; content of ammonia was measured 
by using Gas Monitor Pac III equipment and computer programme GasVision v5.7.3; 
outdoor air temperature and relative humidity were measured by using Rotronic 
Logger equipment and computer programme HW3. 
Study results provide further information concerning the indoor climate in deep-
litter pigsties and pigsties without litter and also allow selecting the method for the 
keeping of animals with the least harmful tending environment. 
MATERIALS AND METHODS 
Indoor climate was studied in pigsties for 800 fattening pigs and 600 young pigs, 
which are hereafter referred to as Pigsty A and Pigsty B (Table 1). Pigsties are made of 
silicate bricks and reinforced concrete. Fattening pigs and young pigs were fed with 
dried fodder delivered by automatic conveyor from automatic feeders. Automatic 
conveyor Big Dutchman was used in Pigsty A and the Roxcell device was used in 
Pigsty B. In Pigsty A fattening pigs (50 pigs per pen) were kept on deep litter with 
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straw (the thickness of the litter varied 0.2–0.8 m); the manure was removed with a 
shovel-loader after replacing fattening pigs in the pigsty. In Pigsty B the liquid manure 
system was used: manure was removed from the pen holding 20 young pigs into a 
channel below the grated floor, drained away from the channel to a pump-room, where 
it was pumped to manure storage. Sucklers were used as the drinking device in both 
pigsties. Ventilation was regulated by automatic forced ventilation. 
Table 1. Data on pigsties. 
Item Pigsty A Pigsty B 
Number of pigs 800 fatlings 
(25–100 kg) 
600 young pigs 
(15–50 kg) 
Way of handling Deep-litter Liquid manure system 
Ventilation Compulsion ventilation Compulsion ventilation 
Air flow control Automatic Automatic 
Heating Missing Floor watering heating 
Fodder delivery Dry food automatic system 
Big Dutshman 
Dry food automatic system 
Roxcell 
Manure disposal With tractor Liquid manure, 
with flow for the Pumping-station 
Watering Nipple Nipple 
Litter Straw Missing 
The methods of the study were based on the Health Protection Act of the 
Republic of Estonia (https://www.riigiteataja.ee...25048) and Finnish standards 
(Karhunen, 1992), according to which the numerical values of indoor climate para-
meters of a work environment can be measured at the height of 1.5 m for a human 
workplace. In order to study daily changes in indoor climate of pigsties in relationship 
to outdoor climate, methods for animal-keeping, performance of technological 
processes, activities of the tender and animal behaviour, the air temperature, relative 
humidity, air velocity and contents of oxygen, carbon dioxide and ammonia were 
measured on a daily basis at the interval of 60 seconds in the central part of the pigsties 
at the height of 1.5 m from the floor of the pigsty in summer (17.08–21.08.2007). 
Simultaneously outdoor air temperature and relative humidity were measured 
throughout the 24-hour period. 
ALMEMO Data Logger 8990-8 equipment with relevant sensors was used for 
studying the indoor climate. 
Air temperature and relative humidity were measured with AMR-manufactured 
sensor FH646-1 with measurement area 20–80°C (measuring accuracy 0.01°C) and 5–
98% (measuring accuracy 0.1%), respectively. Oxygen sensor FY 9600-O2 and 
ZA9000-AK2K are manufactured by AMR; their measurement area is 0–100% and 
measuring accuracy is 0.01%. Carbon dioxide content was measured with sensor FY 
A600-CO2 with measurement area 0–2.5% and measuring accuracy 0.01%. Air 
velocity was measured by using thermo-anemometer FHA645TH2 with measurement 
area 0–2.0 m s-1 and resolution 0.001 m·s-1. Ammonia content was measured with Gas 
Monitor Pac III equipment manufactured by Dräger Safety AG & Co KGaA: its 
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measurement area was 0...250 ppm and measuring accuracy 1 ppm. HygroLog device 
manufactured by Rotronic and HygroClip S sensor were used for measuring outdoor 
temperature and relative humidity (measurement area –40 - +85°C and 0–100%, 
accuracy ±0.3°C and ±1.5% respectively). Measurement results were analysed by 
using computer programmes AMR WinControl, Pac III Software 3.nn, HW3 
(AHLBORN, 2007/2008; Dräger, 2001) and statistically processed by using 
programme MS Excel (Kiviste, 1999). 
In order to exclude the impact of tending activities on the indoor climate, the 
dependence of ammonia content on the air temperature and relative humidity of the 
pigsties was determined by using numeric values of relevant parameters. However, 
these parameters were measured during the “rest” time of pigs. Results were processed 
by using computer programme SAS (SAS Online Doc, 2007). 
RESULTS AND DISCUSSION 
Depending on the type, age and live weight of animals, the recommended value of 
air temperature in pigsties varies by different national standards and sources of 
reference (Tuunanen & Karhunen, 1984; Maatalouden..., 1990), ranging from +5 to 
+32°C. Recommended minimum indoor air temperature for fattening pigs is +7 to 
+15°C, maximum temperature +25 to +27°C and optimal temperature +15 to +22°C 
(Rosti, 1988; CICR, 1984; Maatalouden..., 1990). Recommended relative humidity is 
between 50–80% (Maatalouden...1990), but should not exceed 85%, because excess 
moisture generates dripping water on the ceiling, walls and floor of the building, which 
is usually accompanied by deterioration of other indicators of indoor climate. Low air 
humidity content (less than 55%) may cause drying of oral mucous membranes in 
animals and generates dust on the premises (Mothes, 1974; Veinla, 1986). Rosti (1988) 
recommends that the relative humidity of indoor air in summer should be 50–75%. 
Study results (Figs 1–4; Table 2) reveal that average daily temperatures measured 
both in the deep-litter pigsty, or Pigsty A, and the liquid manure system pigsty, or 
Pigsty B (17.04 and 17.60°C respectively) remained within recommended limits, 
ranging from 12.80 to 22.10°C in Pigsty A and from 14.17 to 21.11°C in Pigsty B over 
the 24-hour period. 
The relative humidity of indoor air in the pigsties also remained within 
recommended limits: 68.11 and 78.59% respectively. However, it should be noted that 
partial floor heating was required for maintaining optimal indoor temperature and 
humidity in Pigsty B, where the outdoor temperature was relatively lower (1.2–21.2°C) 
and relative humidity was higher (43.4–100%) than in Pigsty A. The results concerning 
the indoor climate of Pigsty A (Figs 1, 2) indicate significant impact of temperature 
and relative humidity of outdoor air on indoor climate. Thus the higher daytime 
temperature of outdoor air 24.5°C (Fig. 2) increased the indoor temperature of the 
pigsty to 22.10°C, while remaining within optimal range (Maatalouden..., 1990). But 
the outdoor temperature measured in the early morning (12.2°C) reduced the 
temperature of indoor air of the pigsty to 12.80°C, which was lower than optimal, but 
still remained within the allowed lower limits for young pigs. This also explains the 
differences in the daily air temperature in pigsties that are partially heated or not heated 
in summer that exceed the recommended value by 2–3°C (Maatalouden... 1990). 
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Fig. 1. Daily change of numeric values of indoor climate parameters in Pigsty A: 
1– temperature, 2– relative humidity, 3– oxygen, 4– carbon dioxide, 5– air velocity, 6– 
ammonia. 
Fig. 2. Outdoor temperature (1) and relative humidity (2) near Pigsty A.
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It appears (Figs 1, 2) that the relative humidity of the indoor air of the pigsty is 
also dependent on the humidity of outdoor air, being virtually equal (68.11 and 71.88% 
respectively) in the case of intensive ventilation (average air velocity 0.17 m s-1).
Animal respiration and the processes occurring on the surface of manure 
cause the generation of carbon dioxide and ammonia, which are considered harmful 
gases (Rosti, 1988). The sources of reference and standards provide differing 
information concerning the concentration limits of carbon dioxide. According to 
German researcher Mothes (1973) the maximum allowed concentration of carbon 
dioxide is 0.35% in the air zone of animals and 0.50% in human work zone, whereas 
pursuant to Finnish data (Maatalouden..., 1990) human evaluation of air deteriorates in 
the case of a concentration of 0.1% and ventilation is necessary in the case of 0.25%. 
Pursuant to the occupational health and safety requirements the carbon dioxide content 
of 0.5% is considered harmful for humans (Seppänen, O. & Seppänen, M., 1998). 
Pursuant to the standards applicable in the Republic of Estonia (http://riigi-
teataja...73153) the content of carbon dioxide allowed in the air of human environment 
is up to 0.5%. Average content of carbon dioxide in the pigsties subject to study was 
0.06 and 0.07%, increasing to 0.09 in Pigsty A and to 0.14% in Pigsty B during tending 
works. The higher the content of carbon dioxide, the lower the oxygen content (Figs 1, 
3).
Table 2. Indoor climate parameter values in the pigsties. 
Average Standard deviation 
Standard 
errorMeasured parameters Min Max 
x   x 
Pigsty A 
Temperature,       °C 12.80 22.10 17.04 2.344 0.030 
Relative humidity W, % 58.9 80.5 68.11 3.025 0.038 
Oxygen                O2, % 20.20 20.82 20.53 0.158 0.002 
Carbon dioxide CO2, % 0.05 0.09 0.06 0.005 0.000 
Ammonia     NH3, ppm 6 43 20.9 8.008 0.101 
Air velocity       v, m/s 0.086 0.981 0.17 0.079 0.001 
Outdoor temperature, °C 12.2 24.5 18.15 4.313 0.124 
Outdoor relative humidity, % 44.5 97.7 71.88 18.549 0.535 
Pigsty B 
Temperature,       °C 14.17 21.11 17.60 1,885 0,021 
Relative humidity W, % 63.9 90.0 78.59 2,984 0,033 
Oxygen                O2, % 19.92 20.70 20.38 0,170 0,002 
Carbon dioxide CO2, % 0.05 0.14 0.07 0,007 0,0001 
Ammonia     NH3, ppm 4 27 8.7 4.491 0.050 
Air velocity       v, m/s 0.085 1.552 0.25 0.136 0.002 
Outdoor temperature, °C 1.2 21.2 8.75 4.423 0.114 
Outdoor relative humidity, % 43.4 100.0 84.19 15.430 0.398 
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Fig. 3. Daily change of numeric values of indoor climate parameters in Pigsty B: 
1– temperature, 2– relative humidity, 3– oxygen, 4– carbon dioxide, 5– ammonia,      
6– air velocity. 
Fig. 4. Outdoor air temperature (1) and relative humidity (2) near Pigsty B. 
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The information also varies in the case of the highest concentration of ammonia in the 
air. The allowed concentration of ammonia in the air is up to 20 ppm in the European 
Union (CIGR, 1984). Estonian standards (http://riigiteataja.ee...73153) and authors 
(Tuunanen & Karhunen, 1984) refer to 20 and 25 ppm as the allowed average standard 
limit in the air inhaled in the human working zone. Ammonia content 6-12 cm3/m3 was 
measured in the pigsty for 220 fattening pigs (Karhunen, 1994). 
Due to proper ventilation (average air velocity in Pigsty A and B was 0.17 and 
0.25 m·s-1 respectively) the average ammonia content measured in the course of the 
study in Pigsty A (20.92 ppm) and Pigsty B (8.76 ppm) remained within the allowed 
standard limits (Table 2). During tending activities the content of ammonia exceeded 
the standard limit, and even reached 43 ppm in Pigsty A and 27 ppm in Pigsty B (Table 
2; Figs 1, 3). Air emission of ammonia increased during tending activities, when pigs 
were awake, and moved around, treaded the manure and carried it around. Therefore it 
is necessary to increase ventilation in pigsties during tending activities, especially 
during cleaning. 
According to relevant literature (Kauppinen, 2000; Reppo & Pals, 2002; Pals, 
2003) elevated air temperature and moist litter in the animal-keeping premises increase 
the air emission of ammonia. The data provided by several authors (Mothes, 1973; 
Einberg, 2001; Pals, 2002; Reppo, 2002) reveal that the air emission of ammonia in the 
premises used for animal-keeping depends on the handling of manure, air temperature 
and relative humidity. It is also noted that the amounts of ammonia emitted from the 
manure are higher in the case of higher air temperature and higher relative humidity. 
The results of the 24-hour study of indoor climate carried out in deep-litter Pigsty A 
and Pigsty B, without litter, also reveal that a higher concentration of ammonia P(NH3)t
(ppm) was measured in the case of higher air temperature t (°C) of the pigsty (Fig. 5), 
and it can be calculated by using formulas (n=6,000, R21=0.946; n=9,000, R22=0.795), 
1 and 2 respectively: 
PA(NH3)t=0.6387·t2–17.815·t+136.39      (1) 
PB(NH3)t=0.2563·t2–7.2362·t+55.2       (2) 
Considering that relative humidity of pigsties also depends on air temperature 
(Pals, 2002), this study also included determining the effect of air temperature t (°C) 
and relative humidity W (%) on the emission of ammonia P(NH3)tW (ppm), which was 
expressed by formulas (n=12,000, R23=0.966; n=18,000, R24=0.7949) with regard to 
Pigsty A and Pigsty B (Fig. 6), 3 and 4 respectively: 
PA(NH3)tW=0.837·t2–0.357·t·W+5.649·W–195.318    (3) 
PB(NH3)tW=0.250·t2–0.090·t·W+1.569·W–69.341    (4) 
Considering the potential difference between these relationships depending on whether 










Fig. 6. Ammonia content correlation on air temperature and relative humidity in 




In the course of the study, air temperature, relative humidity and air velocity, and 
oxygen, carbon dioxide and ammonia contents were measured during a 24-hour period 
in the centre of pigsties using deep litter and a liquid manure removal system at the 
height of 1.5 m above the pigsty in summer. Simultaneously the tending activities and 
animal behaviour were observed and outdoor temperature and relative humidity were 
measured. Data Logger equipment, relevant sensors and computer programme AMR 
Wincontrol were used for the study. Content of ammonia in the air was measured by 
using Gas Monitor Pac III equipment. Hydrolog equipment and HydroClip sensors 
were used for measuring the temperature and relative humidity of outdoor air and 
measurement results were processed by using computer programmes Pac III Software 
3.nn and HW3. 
 Study results (Figs 1–4; Table 2) show that outdoor climate and tending activities 
are major factors affecting the indoor climate of the pigsties in summer. Average daily 
indoor temperature measured both in the deep-litter pigsty and in the pigsty without 
litter (17.04 and 17.60°C respectively; outdoor temperature, 18.15 and 8.75°C) and 
relative humidity (68.11 and 78.59% respectively; 71.88 and 84.19% in the case of 
outdoor relative humidity) remained within recommended limits. However, partial 
floor heating had to be used in the pigsty for young pigs in order to maintain optimum 
temperature and relative humidity of indoor air in the morning. Due to proper 
ventilation of the pigsties the average daily contents of carbon dioxide (0.06 and 
0.07%) and ammonia (20.9 and 8.7 ppm) remained within the allowed standard limits. 
During tending activities the content of ammonia exceeded the allowed standard limits, 
reaching 43 ppm in deep-litter pigsty and 27 ppm in the pigsty without litter (Table 2; 
Figs 1, 3). Hence the need to increase ventilation during tending activities, especially 
while cleaning the pigsties.
 As a result of this study the graphical and empirical relationships were determined 
between the concentration of ammonia and indoor temperature (Figure 5, formulas 1, 
2) and between the concentration of ammonia and combined effect of the temperature 
and relative humidity of indoor air (Fig. 6; formulas 3, 4). Considering that these 
relationships may be essentially different for the indoor climate in pigsties in winter, 
further research is required. 
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O. Sada and B. Reppo 
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Abstract. Inner climate at pigsty is in strong correlation with outdoor climate and tending work. 
Up to now, main research has been conducted to investigate air temperature and relative 
humidity, in order to be able to offer solutions to pigsty ventilation. At the same time, little data 
can be found about pigsty air gas content depending on pigs’ function work.  
With the aim of investigating the impact of outdoor climate and tending work on the inner 
climate at a pigsty of fatlings and youngs, the research was conducted to measure the air 
temperature, relative humidity and the content of oxygen, carbon dioxide and ammonia at these 
pigsties in winter time diurnally at the height of 1.5 meters. To measure the inner climate, Data 
Logger, appropriate sensors and the computer program PC AMR Win Control were used. At the 
same time, the winter outdoor air temperature and relative humidity were measured using 
Rotronic logger. The results of the research presented in the article concern the air temperature 
and velocity, relative humidity and the content of oxygen, carbon dioxide and ammonia of the 
working environment, measured in different places and heights of the room during daytime and 
diurnally above the pigpen. It became evident that the pigsty’s  inner air temperature was within 
the extent recommended, but the air relative humidity increased partly very high. The carbon 
dioxide content partly exceeded the established limits. The average measured ammonia also 
exceeded the limits in some cases but always increased during the tending work. 
Key words: outdoor climate, inner climate, working environment, tending work, feeding, 
cleaning, air temperature, relative humidity, oxygen, carbon dioxide, ammonia, air velocity, 
Data Logger  
INTRODUCTION
Inner climate is in strong correlation with outdoor climate and tending work 
(MWPS, 33, 1989; Kender et al., 1998; Reppo et al., 2003). So far main research has 
been conducted to investigate air temperature and relative humidity, in order to be able 
to offer solutions to pigsty ventilation. There exist few data about the effect of tending 
work on pigsty air gas content. At the same time, little data can be found about pigsty 
air gas content. With the aim of investigating the impact of outdoor climate and 
tending work on the inner climate at the pigsty of fatlings and youngs, the research was 
conducted to measure the air temperature, relative humidity and velocity and the 
content of oxygen, carbon dioxide and ammonia at these pigsties at winter time 
diurnally from the height of 1.5 meters. To measure the inner climate, Data Logger, 
appropriate sensors and the computer program AMR Win Control were used. At the 
same time, the outdoor air temperature and relative humidity were measured using 
Rotronic logger. 
Agronomy Research  4(1), 45–54, 2006 
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MATERIALS AND METHODS 
When preparing the methodology of the research, the Health Protection Act of the 
Republic of Estonia (http://riigiteataja.ee...25048), Finnish standards (Karhunen, 1992) 
and Russian OST-standards (Rjabzev, 1981) were used as a basis. From there it 
becomes evident that the inner climate parameters of the working environment can be 
measured at a standard height of 1.0 m for animals at pigsties and 1.5 m for people at 
the workplace. With the objective of studying changes in the pigsty inner climate 
depending on the time, conduct of technological processes, activities of a tender and 
behavioural patterns of animals, air temperature, relative humidity, velocity and the 
content of oxygen, carbon dioxide and ammonia were measured at a pigsty for 62 
fatlings and 48 sows (110 animals in total) and at a pigsty for 150 youngs, named 
below pigsty No 1 and pigsty No 2, respectively (Table 1), at winter time diurnally 
from the height of 1.5 meters from the pen floor of fatlings and youngs and not less 
than 1.0 meters from the wall. At the same time, the outdoor air temperature and 
relative humidity were measured diurnally. 
When selecting the pigsties for the research on the inner and outdoor climate of 
the working environment, the prerequisite was that different keeping technologies of 
animals be used (Table 1). 
The pigsties have been built as typical structures using calcium silicate bricks or 
concrete constructions, respectively. At pigsty No 1 feeding, watering and cleaning of 
pens is done manually. Sawdust is used as litter. Natural ventilation is used. Pigsty No 
2 has undergone a complete renovation. The pigsty consists of two rooms, both of them 
feature five pens. Animals are fed with liquid feed three times a day using the 
automatic feeding line Pellon. Watering is carried out using nipple drinkers. Youngs 
are kept on a grate floor, whereas the slurry that gathers under it is removed by 
dripping. Electrical floor heating and a properly functioning forced ventilation system 
controlled by an automatic regulating system are used. 
Table 1. Data on pigsties. 
Pigsties No 1 2 
Number of pigs 62 fatlings, 48 sows 150 young pigs 
Way of keeping Wing pen Wing pen, grate floor 
Ventilation Natural Compulsion ventilation 
Air control Ventilation stack Automatical 
Heating Missing Partial 
Fodder delivery Wheelbarrow Liquid feed automatic 
Manure disposal Chainscraper flow line Liquid manure 
Litter Sawdust Sawdust 
Drinking Trough Nipple 
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To research the parameters of the inner climate, ALMEMO Data Logger 8990-8 
and 2690-8, connected to the sensors measuring the air temperature, relative humidity, 
velocity and the content of oxygen, carbon dioxide and ammonia, were used. The 
parameters were studied using the computer program AMR WinControl, the results 
were processed and presented in the form of a table and charts. 
The air temperature and relative humidity were measured using the corresponding 
AMR company sensor FH646-1 with the measuring range of -20…+80°C (with the 
accuracy of 0.01°C) and 5–98% (with the accuracy of 0.1%). The oxygen sensor 
ZA9000-AK2K prepared by AMR company has the measuring range of 0–100% and 
accuracy of 0.01%. The carbon dioxide sensor used was FY A600–CO2, with the 
measuring range of 0–2.5% and accuracy of 0.01%. In order to measure the air 
velocity, the thermo-anemometer FHA645TH2 with the measuring range of 0–2m/s 
and resolution of 0.001 m s-1 was used. The content of ammonia in the air was 
measured with the sensor ZA 3601-FS2, made in the company EIT Co, with the 
measuring range of 0–100 ppm and accuracy of 0.01 ppm. In order to measure the 
outdoor temperature and relative humidity, the device HygroLog of the company 
Rotronic along with sensor HygroClip S (with the measuring range of -40…+85°C and 
0–100%, accuracy ±0.3°C and ±1.5%, respectively) was used. The measurement 
results were analysed with the computer programs HW3 and MS Excel (Kiviste, 1999). 
RESULTS AND DISCUSSION 
The most important parameters of the inner climate of pigsties (shall) include the 
following: indoor air temperature, relative humidity and the content of ammonia. The 
lowest indoor air temperature limit allowed for pigs is 5°C, the highest limit is 32–
34°C and the optimum is deemed to be 10–28°C (CIGR, 1984), depending on the age 
and live weight of an animal (Maatalouden, 1990; Praks, 2001; Liiske, 2002). The 
recommended relative humidity of air is within the limits of 60–75%, but not over 85% 
as, in such a case, other microclimate indicators have also usually declined (Veinla, 
1986). Excessive humidity creates drop water, mould and growth of fungi on the 
enclosures of the building.  
Low humidity of air (below 55%) may cause mouth mucous membrane dryness in 
animals and dust in rooms (Mothes, 1977; Veinla, 1986). 
It becomes evident from the results of the research (Tables 2 and 3) that the 
average air temperatures measured at the pigsties were 7.69 and 16.31°C at the outdoor 
air temperatures of –20.0 and –3.5°C, respectively.  
In the case of the low outdoor air temperature measured at pigsty No. 1 
(-13.3...-23.5°°C), the temperature of the pigsty of fatlings and sows, according  to 
diurnal measurement, was between +5.6…+9.9°C, being considerably lower than the 
optimum air temperature (+10...+28°C). The lower the air temperature falls from that 
specified as optimum, the worse the fatling growth results become (CIGR, 1984; 
Liiske, 2002, Maatalouden, 1990). In order to prevent this, the pigsty should be heated. 
The average air relative humidity at the pigsties was 99.30 and 76.42%, exceeding 
this recommended for pigsty No 1. The air humidity decreased to some extent, 
following spreading out litter during evening tending work (Fig. 1).  
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Fig. 1. Inner climate diurnal parametric differences at pigsty No 1:  
1 – temperature, 2 – relative humidity, 3 – ammonia, 4 – air velocity. 
The air relative humidity at pigsty No 2 was 71.4–84.8%, being quite satisfactory, 
although the maximum air relative humidity exceeds that set forth as a standard, to a 
little extent. The air relative humidity increased during feeding as liquid feed was used 
(Fig. 3). 
The average content of carbon dioxide in the pigsties’ air was 0.25 and 0.32%. At 
pigsty No 2, the maximum content of carbon dioxide increased during the evening 
tending work and morning feeding (Fig. 3) to 0.39%, exceeding the recommended 
level (CIGR, 1984; Liiske, 2002), but remained within the sertified limits of the Work 
Environment Act of the Republic of Estonia (http://riigiteataja.ee...73153), pursuant to 
(0.5%) industrial safety regulations. With the increase in the content of carbon dioxide, 
the content of oxygen in the air decreased (Fig. 4). 
There exist different data about the biggest allowed concentration of ammonia in 
the air. The maximum allowed rate for the European Union is 20 ppm (CIGR, 1984). 
The authors (Tuunanen & Karhunen, 1984; Kender et al, 1998) and Estonian standards 
(http://riigiteataja.ee...73153) specify the average allowed limit concentration in the 
work area inhaled air to be 25 and 20 ppm, respectively.  
The ammonia concentration measured at a pigsty for 220 fatlings has been 6–12 













































































Fig. 2. Differences in inner climate diurnal parameters at pigsty No 1:  
1 – oxygen, 2 – carbon dioxide. 
Our findings of the average content of ammonia measured at the pigsties ware 
22.47 and 10.26 ppm (Tables 2 and 3), remaining within the allowed (20 ppm) limits 
(http://riigiteataja.ee...73153; CIGR, 1984). But at pigsty No 1, the content of ammonia 
exceeded, during evening tending work, the standard level, being 27.18 ppm (Fig. 1; 
Table 2).
The diurnal measurements of the inner climate in winter indicated that the pigsty 
air temperature is more stable at the pigsty with properly insulated walls and ceilings. 
The measurements indicated (Table 2) that the air temperature was higher during 
tending work, while the animals were awake and moved around, and lower during the 
early hours when the pigs were lying and the outdoor temperature was low as well. 
At pigsty No 1, the content of ammonia in the air was between 18.58–27.49 ppm 
(Table 2) and increased during tending work when the pigs were awake, moved 
around, trod on manure and carried it round. Being awake, pigs vacate the floor area 
increasing thus the emission of ammonia into the air. During the morning tending 
work, the temperature remained between 5.6–7.5°C (Table 2; Fig. 1). During the 
evening cleaning work, the concentration of ammonia rose once to 27.49 ppm, 
exceeding the allowed level (20 ppm). 
Following the evening cleaning work at pigsty No 1, the content of ammonia in 
the air decreased (Fig. 1), whereas at night when the animals were resting it fell again 































































Table 2. The transformation of the inner climate parameters at pigsty No 1. 
Average Standard deviation Measured parameters Min Max x          
Daily conclusions 
Temperature, °C 5.60 9.90 7.69 1.277 
Relative humidity W, % 96.9 100.0 99.3 0.777 
Oxygen O2, % 19.28 20.19 19.78 0.274 
Carbon dioxide CO2, % 0.20 0.32 0.25 0.035 
Ammonia NH3, ppm 18.58 27.49 22.47 2.559 
Air speed v, m/s 0.08 0.21 0.11 0.010 
Outdoor temperature, °C -23.5 -13.3 -20.0 0.246 
Outdoor relative humidity, % 74.5 59.7 71.5 0.987 
In the evening function* 
Temperature, °C 8.20 9.80 9.23 0.33 
Relative humidity W, % 98.6 100.0 99.9 0.31 
Oxygen O2, % 19.28 19.73 19.39 0.07 
Carbon dioxide CO2 % 0.29 0.32 0.31 0.03 
Ammonia NH3, ppm 14.91 27.49 23.44 3.40 
Air speed v, m/s 0.10 0.21 0.10 0.01 
Outdoor temperature, °C -16.5 -13.3 -14.2 0.46 
Outdoor relative humidity, % 74.5 62.6 67.5 1.56 
In the morning function** 
Temperature, °C 5.60 7.50 6.87 0.64 
Relative humidity W, % 97.8 100.0 99.9 0.47 
Oxygen O2, % 19.82 20.16 19.99 0.10 
Carbon dioxide CO2 % 0.21 0.30 0.25 0.03 
Ammonia NH3, ppm 18.58 22.21 20.26 0.93 
Air speed v, m/s 0.08 0.17 0.10 0.01 
Outdoor temperature, °C -22.7 -22.4 -22.6 0.78 
Outdoor relative humidity, % 74.3 73.7 74.7 0.96 
* drinking, manure diposal, litter spreading, feeding, cleaning and drinking (Figs 1–2) 
**  feeding, manure disposal, drinking, litter spreading (Figs 1–2) 
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Fig. 3. Inner climate diurnal parametric differences at pigsty No 2: 
1 – temperature, 2 – relative humidity, 3 – oxygen, 4 – carbon dioxide, 5 – ammonia,  












   





   





   





   





   





   





   





   





   





   





   





   





   





   





   





   





   





   





   





   





   





   





   





   





   





   





   





   





   





   





   




















Fig. 4. Diurnal changes of outdoor air temperature (1) and relative humidity (2) 
measured near pigsty No 2. 
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Table 3. Indoor and outdoor climate parameter values at pigsty No 2. 
Average Standard deviationMesured parameters Min Max
x 
1 2 3  4        5 
Daily conclusions 
Temperature, °C 15.31 17.82 16.31 0.32 
Relative humidity W, % 71.4 84.8 76.4 2.45 
Oxygen O2, % 18.26 18.72 18.45 0.07 
Carbon dioxide CO2 % 0.26 0.39 0.32 0.02 
Ammonia NH3, ppm 4.68 12.91 10.26 1.32 
Air speed v, m/s 0.09 0.33 0.13 0.03 
Outdoor temperature, °C -7.0 1.2 -3.5 1.08 
Outdoor relative humidity, % 52.69 85.06 78.02 1.78 
Feeding in the evening 
Temperature, °C 15.62 16.81 16.37 0.36 
Relative humidity W, % 73.7 84.8 79.11 3.21 
Oxygen O2, % 18.26 18.50 18.40 0.08 
Carbon dioxide CO2 % 0.27 0.38 0.30 0.02 
Ammonia NH3, ppm 7.54 7.99 7.81 0.15 
Air speed v, m/s 0.10 0.29 0.13 0.03 
Outdoor temperature, °C -3.4 -3.1 -3.3 1.04 
Outdoor relative humidity, % 75.7 81.1 77.0 1.46 
Tending work 
Temperature, °C 16.31 17.82 17.82 0.49 
Relative humidity W, % 73.4 82.8 82.8 3.22 
Oxygen O2, % 18.26 18.59 18.59 0.09 
Carbon dioxide CO2 % 0.30 0.39 0.39 0.03 
Ammonia NH3, ppm 12.13 12.91 12.91 0.22 
Air speed v, m/s 0.10 0.27 0.27 0.04 
Outdoor temperature, °C –2.9 –2.6 –2.8 0.89 
Outdoor relative humidity, % 80.2 82.1 81.0 1.89 
Recreation in the night 
Temperature, °C 16.03 16.74 16.38 0.16 
Relative humidity W, % 72.6 80.3 76.1 1.73 
Oxygen O2, % 18.32 18.54 18.44 0.04 
Carbon dioxide CO2 % 0.29 0.38 0.33 0.02 
Ammonia NH3, ppm 10.08 12.38 11.20 0.78 
Air speed v, m/s 0.09 0.32 0.13 0.03 
Outdoor temperature, °C -7.0 -3.1 -5.7 1.06 
Outdoor relative humidity, % 78.7 85.1 82.0 0.62 
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Table 3. (Continuation). 
1 2 3 4 5 
Feeding 2 in the morning 
Temperature, °C 16.20 17.82 16.83 0.50 
Relative humidity W, % 73.7 82.8 80.0 2.07 
Oxygen O2, % 18.26 18.61 18.46 0.12 
Carbon dioxide CO2 % 0.30 0.39 0.33 0.03 
Ammonia NH3, ppm 11.87 12.91 12.47 0.32 
Air speed v, m/s 0.10 0.27 0.13 0.04 
Outdoor temperature, °C –6.9 –6.1 –6.6 0.45 
Outdoor relative humidity, % 78.7 81.1 79.0 0.26 
CONCLUSIONS 
The paper studies the diurnal air temperature, relative humidity and velocity and 
the content of oxygen, carbon dioxide and ammonia above the pigpen by fixing 
simultaneously temporally the work being carried out inside the rooms. The devices 
used for the research included Data Logger, corresponding sensors and the computer 
programme AMR WinControl. While studying the inner climate, the outdoor air 
temperature and relative humidity were also measured at the pigsties. 
It became apparent from the research results that the numerical values of the 
pigsties’ inner climate parameters are affected by feeding of animals and removal of 
manure. The outdoor climate affects the inner climate more at a pigsty with 
insufficiently insulated rooms. The average air temperature (7.67 and 16.31°C) was 
lower at the pigsty whose building was poorly insulated and where the air relative 
humidity was high (pigsty No 1). At pigsty No 2, the temperature remained within the 
recommended limits, but the average content of carbon dioxide amounted to 0.32%. In 
the case of low air temperature (-20°C), the diurnal inner air temperature at pigsty No 1 
was low (7.69°C), affecting thus the air relative humidity which amounted to 99.3% on 
average, exceeding in large amounts that recommended by the standards. In order to 
improve the inner climate, a mechanical ventilation system with preheating of air 
should be installed. Although the diurnal content of ammonia in the air of the pigsties 
was 22.47 and 10.26 ppm, it increased to 27.49 ppm at pigsty No 1 during the evening 
tending work. At the same time, the concentration of carbon dioxide in the air was high 
for the animals but warrantable for the work environment. 
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ON THE PIGSTY INNER CLIMATE IN SUMMER 
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Abstract. In the process of research, the temperature and the contents of moisture, oxygen, carbon dioxide and 
ammonium hydrate were measured diurnally above the pigs’ pen and simultaneously outdoor air temperature 
and relative humidity were measured. To measure these parameters, the appropriate sensors, connected to 
ALMEMO Data Logger 8990-8 were used. The PC AMR Win Control software was used for the saved data 
processing. The results of given research are about inner climate parameters in four pigsties which use different 
pigs breeding technologies. The measurements were carried out at 1.5 m high above pig’s pen diurnally and in 
summer. 
Keywords: pigsty, pig-pen, deep litter, liquid manure, tendering work, scraper, chain conveyer, environmental 
air temperature, relative humidity, oxygen, ammonia, carbon dioxide, data logger, indoor climate. 
Introduction 
A pig farm represents a biotechnical system „man-machine-animal”, which together with the 
indoor climate of buildings or premises constitutes a work environment for producing animal products. 
Indoor climate parameters of working environment have impact on the human capacity for work [1-3] 
and the productivity of animals [3-5]. Humidity and ammonia have more harmful effect on premises 
[6], whereas the indoor climate depends on various factors such as applicable tending technology, 
number of animals, systems for providing animals with forage and water, removal of manure, use of 
litter, and season or outdoor climate [3-8]. The indoor air temperature and relative humidity of a pigsty 
have been researched more thoroughly [3, 7, 8]. The working environment air gas composition, its 
variations on a daily basis and its dependence on applicable technologies and animal keeping methods 
have been studied to a lesser extent. 
The aim of the present research was to find out the impact of different methods for animal 
keeping and tending works on indoor working environment during summertime. The daily 
developments of air velocity and contents of oxygen, carbon dioxide and ammonia were measured at 
the height of 1.5 m above the floor of pigsty in the central part. Study results provide further 
information concerning the indoor climate in pigsties and also allow selecting the method for keeping 
of animals with the least harmful tending environment. 
Matherials and methods 
Indoor climate was studied in pigsties for 1000 fattening pigs, 250 sows with piglets, 800 
fattening pigs and 650 young pigs, which are hereinafter referred to as Pigsty A, B, C and D (Table 1). 
Pigsties were made of silicate bricks and reinforced concrete. In Pigsty A dry fodder was manually 
delivered from hand cart to Groba feed automat, with 30 fatlings in pens with scanty litter. In Pigsty B 
250 sows with piglets were fed manually from hand cart to trough. Fattening pigs and young pigs were 
fed with dry fodder delivered by automatic conveyor from automatic feeders. Automatic conveyor Big 
Dutchman was used in Pigsty C and Roxcell device was used in Pigsty D. In Pigsty A and B sawdust 
was used for litter, it was removed to storage with a scraper and chain scraper. In Pigsty C fattening 
pigs were kept on straw litter (50 pigs per pen), the manure was removed with shovel-loader after 
replacing the fattening pigs in the pigsty. In Pigsty D liquid manure system was used, where manure 
was drained from pen with 20 young pigs into a channel below grated floor, leading to pump-room, 
where it was pumped to manure storage. Nipple drinkers were used as drinking device in all pigsties. 
Ventilation was regulated by automatic forced ventilation. 
The methods of the study were based on the Health Protection Act of the Republic of Estonia [9] 
and Finnish standards [10], American Society of Heating, Refrigerating and Air-Conditioning 
Engineers Inc. (ASHARAE) [4] according to which the numerical values of indoor climate parameters 
of work environment can be defined for animals at the height of 1.0 m and for human workplace at the 
height of 1.5 m. In order to study the daily changes in indoor climate of pigsties depending on outdoor 
climate, methods for animal keeping, performing technological processes, activities of the tender and 
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animal behaviour, the indoor air temperature, relative humidity, air velocity and contents of oxygen, 
carbon dioxide and ammonia were measured on a daily basis at the interval of 60 seconds in the 
central part of pigsties at the height of 1.5 m above the floor of the pigsty in summer. Simultaneously 
outdoor air temperature and relative humidity were measured during 24 hours. 
ALMEMO Data Logger 8990-8 equipment with relevant sensors was used for studying the indoor 
climate. 
Table 1 
Data on pigsties 
Item Pigsty A Pigsty B Pigsty C Pigsty D 
Number of tenders 1 2 1 1 
Number on pigs 
1000 fatlings 
(15-80 kg) 




650 young pigs 
(15-50 kg) 












Air flow control Automatic Automatic Automatic Automatic 
Additional heating 
Heating lamps for 
young pigs 
Missing Missing Water-heated floor 
Fodder delivery 
Hand-cart 














with flow to the 
pumping-station 
Drinking device Nipple drinker Nipple drinker Nipple drinker Nipple drinker 
Litter used Sawdust Sawdust Straw Missing 
Air temperature and relative humidity were measured with AMR-manufactured sensor FH646-1 
with measurement area –20…+80 °C (measuring accuracy 0.01 °C) and 5–98 % (measuring accuracy 
0.1 %), respectively. Oxygen sensor ZA9000-AK2K measurement area was 0-100 % and measuring 
accuracy is 0.01 %. Carbon dioxide content was measured with sensor FY A600-CO2 with 
measurement area 0–2.5 % and measuring accuracy 0.01 %. Air velocity was measured by using 
thermo-anemometer FHA645TH2 with measurement area 0–2.0 ms-1 and resolution 0.001 ms-1. 
Ammonia content was measured with Gas Monitor Pac III equipment manufactured by Dräger Safety 
AG & Co, its measurement area was 0–250 ppm and measuring accuracy 1 ppm. HygroLog device by 
Rotronic with HygroClip S sensor were used for measuring outdoor temperature and relative humidity 
(measurement area –40…+85 °C and 0–100 %, accuracy ±0.3 °C and ±1.5 %, respectively). 
Measurement results were analysed by using computer programmes AMR WinControl, Pac III 
Software 3.nn, HW3 and statistically processed by using programme MS Excel [11]. 
Results and discussion 
Indoor air temperature, relative humidity and ammonia concentration are the main indoor climate 
parameters of the pigsty [12, 13]. The recommendatory temperatures for pigs depending on their age 
and live weight are considered as follows: the lowest admissible temperature 5 °C, the highest 32-
34 °C and optimum 16-21 °C [4, 6, 13, 14]. Relative humidity of the indoor air is recommended 60-
75 %, not over 85 %, because then also the other microclimatic parameters deteriorate [5, 7, 14]. 
Surplus humidity causes drippings, mould and mildew on building border area and reduces heat 
resistance of the building and pigs as well. Insufficient air humidity less than 55 % can cause mucous 
membrane desiccation because of dust in the room [7, 15]. 
The study results revealed that by outdoor air temperature range from 8.8-21.8 °C, the indoor air 
mean temperature of all pigsties (17.0-24.5 °C) was practically within the limits (Table 2, Fig.1-4). 
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Fig. 1. Pigsty A inner climate parametric difference diurnally:  
1 – temperature, 2 – oxygen, 3 – carbon dioxide, 4 – ammonia, 5 – relative humidity 
 
Fig. 2. Inner climate diurnal parametric difference in pigsty B:  
1 – temperature, 2 – oxygen, 3 – carbon dioxide, 4 – ammonia, 5 – relative humidity 
The measured mean relative humidity was 68.1-78.6 %, exceeding the limits in Pigsties A and D, 
while in Pigsty D it rose to the limit 90 %, affected by excessive humidity of outdoor air and pen 
clearing (washing) (Table 2, Fig. 4). The oxygen content showed lesser alterations, remaining within 
the limits 18.6-20.5 %.  
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Fig. 3. Daily change of numeric values of indoor climate parameters in Pigsty C:  
1 – temperature, 2 – relative humidity, 3 – oxygen, 4 – carbon dioxide, 5 – air velocity, 6 – ammonia 
 
Fig. 4. Daily change of numeric values of indoor climate parameters in Pigsty D:  
1 – temperature, 2 – relative humidity, 3 – oxygen, 4 – carbon dioxide, 5 – ammonia, 6 – air velocity 
Carbon dioxide is originated in the course of metabolism and is emitted mainly by animal 
breathing, to a smaller extent by manure, dung-water and fodder waste, forming 0.15-0.25 % 
concentration in the indoor air [16]. 
The measurements in pigsties showed that the daily mean concentration of carbon dioxide in the 
indoor air was 0.06-0.08 % (Table 2), raising from 0.09 up to 30 % in the time of pen clearing, manure 
removal and feeding while the pigs were excited. The situation calls for ventilation improvement in 
the pigsties when performing the tendering works. 
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Table 2 
Indoor climate parameter values in the Pigsties  
Average Standard deviation 
Standard 
error Measured parameters Min Max 
x   x 
Pigsty A 
Temperature, °C 22.92 26.72 24.51 1.11 0.011 
Relative humidity W, % 66.4 88.0 78.31 4.446 0.045 
Oxygen O2, % 18.49 19.41 18.74 0.00 0.000 
Carbon dioxide CO2, % 0.02 0.30 0.08 0.001 0.000 
Ammonia NH3, ppm 7.0 34.0 18.00 6.089 0.061 
Outdoor temperature, °C 14.1 25.9 21.75   
Outdoor relative humidity, % 47.5 99.9 67.2   
Pigsty B 
Temperature, °C 21.07 22.72 21.91 0.429 0.005 
Relative humidity W, % 65.5 80.6 75.79 0.035 0.000 
Oxygen O2, % 18.53 18.75 18.64 0.000 0.000 
Carbon dioxide CO2, % 0.0 0.0 0.0 0.000 0.000 
Ammonia NH3, ppm 9.0 22.0 16.08 0.018 0.006 
Outdoor temperature, °C 15.1 27.4 18.65   
Outdoor relative humidity, % 35.3 92.3 71.6   
Pigsty C 
Temperature, °C 12.80 22.10 17.04 2.344 0.030 
Relative humidity W, % 58.9 80.5 68.11 3.025 0.038 
Oxygen O2, % 20.20 20.82 20.53 0.158 0.002 
Carbon dioxide CO2, % 0.05 0.09 0.06 0.005 0.000 
Ammonia NH3, ppm 6.0 43.0 20.92 8.008 0.101 
Air speed v, m/s 0.086 0.981 0.17 0.079 0.001 
Outdoor temperature, °C 12.2 24.5 18.15 4.313 0.124 
Outdoor relative humidity, % 44.5 97.7 71.88 18.549 0.535 
Pigsty D 
Temperature, °C 14.17 21.11 17.60 1.885 0.021 
Relative humidity W, % 63.90 90.00 78.59 2.984 0.033 
Oxygen O2, % 19.92 20.70 20.38 0.170 0.002 
Carbon dioxide CO2, % 0.05 0.14 0.07 0.007 0.0001 
Ammonia NH3, ppm 4.0 27.0 8.76 4.491 0.050 
Air speed v, m/s 0.085 1.552 0.25 0.136 0.002 
Outdoor temperature, °C 1.2 21.2 8.75 4.423 0.114 
Outdoor relative humidity, % 43.4 100.0 84.19 15.430 0.398 
Ammonia is originated in the decomposition process with the presence of excrements and urine. 
Ammonia is extremely toxic for organisms, causing liver troubles and constant nervousness, irritating 
respiratory organs, inflicting chemical burns. Capacity of ammonia diffusing through cell walls 
increases ammonia riskiness for mammals [7]. The utmost permissible concentration of ammonia in 
the work zone air is 25 ppm (for 8-hour workday). For pigs the concentration limit is 20 ppm [6,17].  
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Indoor climate investigation showed that daily mean ammonia concentration in the air was 
9-21 ppm (Table 2, Fig. 1-4). But ammonia concentration in the pigsties increased, reaching the peak 
43 ppm during tending works in Pigsty C, where fatlings were kept on deep litter (Fig. 3, Table 2).  
The average measured air velocity was 0.17-0.25 m/s, up to 1.5 m/s (Pigsty D). 
Conclusion 
1. During the research the air temperature, relative humidity and velocity; oxygen, carbon dioxide 
and ammonia content were measured round-the-clock above the pig pen. Simultaneously the 
outdoor air temperature and relative humidity were measured. 
2. Data Logger with appropriate sensors and programmes AMR WinControl, Pac III Software 3.nn, 
HW3 were used for the research, the measurement data were statistically processed.  
3. The mean values of air temperatures 17.0-24.5 % and relative humidity 68.1-78.6 % in the 
pigsties were found to be within the limits. 
4. Carbon dioxide daily mean content in pigsties was 0.06-0.08 %, but in the time of pen clearing, 
manure removal and feeding, when the pigs were excited, the concentration in air increased from 
0.09 to 0.3 %. 
5. The ammonia daily mean concentration (9-21 ppm) did not exceed the limits. It increased only in 
the Pigsty A for fatlings up to 34 ppm during the service of feed automat Groba, which caused an 
intensive animation of pigs, and also in Pigsty C up to 43 ppm during the manure removal from 
the feeding area. 
6. To improve the indoor air quality in pigsties during tending works the ventilation needs to be 
made more effective. 
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WORKING TIME EXPENSES AND DEGREE OF DIFFICULTY OF PIG 
TENDING 
O. Sada, B. Reppo 
Estonian University of Life Sciences 
ABSTRACT. The selection of farm technologies and fixtures is usually made on the basis of the assessment of 
the technical-economical indicators (reliability, working time and operating expenses) thereof. Upon the 
comparative assessment, it is also important to accord consideration to the energetic workload of the human 
being by the working environment. The article presents the data received in the pig farms in relation to feeding 
the pigs, cleaning the pens, removing the manure and the working time expense of feeding the animals and the 
degree of difficulty of the pigtender’s work. The pig farms under observation were those where in the pig groups 
of different sizes young, fattening pigs, pregnant sows and sows with piglets were kept. The animals were fed 
using the dry or liquid feed that was delivered either mechanically or manually.  
 
Keywords: pigtender, keeping technology, litter spreading, feeding, wheelbarrow, automatic feeding line, 
watering, manure removel, chain scraper conveyor, scraper device, chronometric research, working time 
expense, pulse tester, degree of difficulty of work. 
Introduction 
At the moment Estonia is facing a situation in case whereof the plant of the pig farms has become 
obsolete and is in need of replacement. But in the situation of little experience and lack of scientifically 
substantiated recommendations the farmers find it difficult to select a proper technology for carrying out the 
work that would be effective and ensure harmless working environment (Reppo et al., 2000; Veinla, 1987). 
Few studies have been conducted on the working time expenses and the energetic workload of the 
pigtenders upon feeding and watering the pigs as well as removing the manure. These depend, at the same time, 
considerably on the size of the farm (the number of animals). Before recommending or selecting rational 
technologies a research into the technological lines in use and the comparative assessment thereof have to be 
carried out. 
In order to compare the most wide-spread technologies upon keeping the pigs a research on the working 
time expense and the degree of difficulty of human beings upon tending work was carried out in pigsties of 
different size.  
Material and Methodology 
In order to study the working time expense and the degree of difficulty of the pigtender’s work farms of 
different size (860…6200 pigs) and feeding, manure removing, litter spreading and animal watering technologies 
were used wherein in the pig groups of different size youngs, fattening pigs, pregnant sows and sows with piglets 
(Tables 1 and 2) were kept. The research involved five farms with more or less the same feed portion, but with 
different feeding technologies (liquid or dry feed). All the five farms used sawdust in a small amount as a litter, 
the manure was cleaned with the chain scraper conveyor (in case of groups of 1,000 fattening pigs with the 
scraper device) and removed from the animal keeping room by pumping into the tank machine. 
The pig tenders were mostly women whose principal work duration consisted of the time necessary for 
loading the dry feed (concentrated feed, meal) into the feed deliverer (barrow), the transportation and delivery, 
cleaning the pens and tendering passages, loading the litter into the barrow and the delivery thereof, watering the 
pigs and working with some devices. The mechanical time of the devices was not included in the human working 
time expense. The daily working time expense was determined by the chronometric research of the pigtender's 
work with the precision of a second. The actual daily working time of the employee was calculated on the basis 
of the structural scheme (Maatalouden …, 1988; Reppo et al., 2000), in accordance wherewith the tending time 
consists of the permanent  help time (10 minutes in a shift spent on dressing, washing, etc.) and the time spent on 
the performance of the production duty. The latter includes the principal work time and the preparation-
conclusion time. The working day was photographed by fixing, describing and entering in the chronological 
order the time spent by the employee on each working operation, break, etc. in the observation diary. A more 
comprehensive overview can be obtained, however, if the working time special expenses are fixed per a pig, but 
the method more-widespread in the world determines the same in case of every ten pigs (KTBL 94/95; 
Maatalouden …, 1988). The daily working time expenses were determined per ten youngs, fattening pigs, 
pregnant sows and one sow with piglets (Tables 1 and 2).  
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Along with the chronometric research of the work a simultaneous measurement of the pigtender’s pulse 
rate was carried out. The degree of difficulty of the pigtender's work was determined in accordance with the 
average and high pulse rate by using the qualification of the World Health Organisation (WHO) (Tuure, 1991) 
and the data of the authors (Andersen et al., 1978, Hettinger et al., 1983), according consideration to the fact that 
at the pulse rate of up to 100 beats per minute the degree of difficulty of the work of a human being is light (L) 
and at inbetween 100…124, 124…150 and at more than 150 beats the degree of difficulty of the work is 
moderate (M), heavy (H) and very heavy (VH), respectively.  
In order to measure the pulse rate the "Polar Sport Tester" kit, consisting of the transmitter (sensor) and 
the receiver (tester) was used. The transmitter was fixed onto the body of the employee in the heart area and onto 
the hand of the receiver. The receiver saved the pulse rate at the intervals of 5 seconds. The measured pulse rates 
were saved from the tester into the computer and upon processing the data in the programmes "Polar" and MS 
Excel, the statistical rows and diagrams of the tenders’ pulse rates and the minimum, maximum and average 
values of the pulse rate were received. The diagrams of the pulse rates were supplemented by an additional scale 
in order to determine the degree of difficulty of the pigtender’s work upon tending animals during different 
works (Figures 1 and 2). 
Results 
Upon determination of the working time expense, it became evident (Table 1) that smaller working time 
expenses were incurred upon the mechanised delivery of feed with the automatic line "Pellon", "Roxell" and 
with the battery wheelbarrow EK-2 into the feed trough for 0.24; 0.35 and 0.56 minutes respectively per 10 
fattening pigs daily. The size of the herds was 500, 700, 730 and 1,000 animals, respectively.  
 
Table 1. Working time daily expenses in minutes per 10 pigs 
 Material Pig group and number 
Technology kg  Young pig (10...40 kg) Fattening pig (40...100 kg) 
 pig/day 250 300 650 300 500 700 730 850 1000 1000
1. Feeding with dry feed  
(storage-transportation-delivery):              
– bin-scoop-barrow-bucket-trough 3.5  1.06* 0.58*        
– bin-scoop-barrow-bucket-trough 2.5 1.61*           
– filling hopper-battery barrow-
trough 3.5           0.56 
– filling hopper/barrow/bucket/ 
self-acting fodder "Groba" 3.5         0.70 0.64  
– filling hopper/mixer/barrow/ 
bucket/ trough/self-acting fodder 3.5     2.57       
– filling hopper/ self-acting 
automatic fodder "Roxell" 
(mechanical time) 2.8       0.35 0.35    
2. Feeding with liquid automatic 
feeder "Pellon" (mechanical time) 2.1     0.24      
3. Cleaning pens and tending 
passages:             
– manual cleaning of pens  
(with a rake) 5 1.25 1.15 0.60 1.76 1.24 0.84 0.63 0.53 0.47 0.47 
– cleaning feeding passages   1.27 0.42 0.17 0.41 0.27 0.16 0.27 0.17 0.17 
– removing manure with the 
conveyor (mechanical time)  0.68 1.02 0.46 0.68 0.59 0.51 0.43 0.22 0.14 0.14 
4. Transporting and spreading litter 
(sawdust) 0.8  0.75 0.28 0.86 0.60  0.28 0.34 0.15 0.15 
5. Watering:     drinkerdrinkerdrinkerdrinker drinker drinkerdrinker
– with the bucket from the barrow 
into the trough 10.0 0.54  0.45        
– from the hose into the trough 15.0  0.36                
TOTAL:  3.40 4.59 2.33 5.36 2.25 1.11 1.07 1.84 1.43 1.35 
Incl. feeding  1.61 1.06 0.58 2.57 – – – 0.70 0.64 0.56 
* – feeding once a day 
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Upon feeding with the automatic line, the human working time is practically zero as the device works in a 
timely programmed manner. 
Upon manual feeding, the working time expenses were lower in case of 650 youngs and 1,000 fattening 
pigs upon feed delivery with a bucket from the wheelbarrow into the feed trough and the feed machine "Groba", 
0.58 and 0.64 minutes respectively per 10 animals (Table 1). Upon feeding the fattening pigs, the wheelbarrow 
was filled from the filling hopper, in case of the youngs a single feeding was used. 
In order to clean the fattening pigs’ pens 0.47…1.76 minutes was spent per 10 animals; the indicator was 
the largest in case of a group of 300 animals (Table 1). 
In order to transport and spread the litter the most time (0.86 minutes per 10 fattening pigs) was spent in 
case of the group of pigs consisting of 300 animals. Comparing the obtained result with this given in literature 
(KTBL, 1994/95), i.e. 0.47 minutes per ten fattening pigs, the larger working time expense can be explained by 
longer transportation distances. 
In relation to the daily working time expenses per feeding one sow with piglets the largest was the 
working time special expense (2.14 minutes daily) in the group of 48 sows and 220 piglets where the dry feeding 
technology from the barrow – with the bucket – to the trough was used (Table 2). 
 
Table 2. Working time daily expenses in minutes per sow with piglets 
  Material Number of pigs 
Technology kg  36 sows + 48 sows +  100 sows + 100 sows + 
  pig/day 160 piglets220 piglets 560 piglets 450 piglets
1. Feeding with dry feed (storage-transportation-delivery):       
– filling hopper-mixer-barrow-bucket-trough 3.2    1.43 
– bin-scoop-barrow-bucket-trough 3 0.70*  0.40  
– filling hopper-barrow-bucket-trough 3.2  2.14   
2. Cleaning pens and tending passages:       
– manual cleaning of pens 12 0.88 0.81 0.54 0.66 
– cleaning feeding passages   0.09 0.33 0.15 0.09 
– removing manure with the conveyor (mechanical time)   0.55 0.43  0.17 
3. Transporting and spreading litter 0.9 0.28 0.53 0.21 0.35 
4. Watering:       
– with the bucket from the barrow into the trough 30 0.65 1.11 drinker drinker 
TOTAL:  2.60 4.92 1.30 2.53 
Incl. feeding  0.70 2.14 0.40 1.43 
* – feeding once a day 
 
The degree of difficulty of the work was determined in case of the pigtender who tended 500 fattening 
pigs and 100 sows with piglets (Table 3), hereinafter referred to as Tender 1 and Tender 2, respectively. The 
main tending work included feeding with dry feed, cleaning pens, spreading litter, cleaning the passageways. It 
became evident (Table 3 and Figure 1) that the tender encumbered more with spreading litter and cleaning the 
passageways was Tender 1 whose average pulse rate was 107 and the largest 160 beats per minute. During the 
shift the average degree of the pigtender’s work was moderate (M), but during the cleaning work it became very 
heavy (VH) with the pulse rate of up to 160 beats per minute. 
 
Table 3. Pigtender workload rate 
Parameters Tender 1 Tender 2 
Number of pigs 
Tending time, min 
500 fattening pigs 
112.50 
100 sows+560 piglets 
130.0 
Working time expenses in min per pigs 0.23 1.30 
Tender:   
sex Woman Woman 
age, years 27 48 
height, cm 170 156 
weight, kg 68 49 






highest 160 130 
Work intensity * M  VH L  H 
* – Work intensity (for the average  biggest load rate): L – light; M – moderate; H – heavy; VH – very heavy 
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Figure 2. Tender 2 pulse rate and degree of work difficulty: L – light; M – moderate, H – heavy 
 
The work of the Pig Tender 2 included feeding 100 sows with piglets, cleaning the pens and  
passageways, cutting the teeth of the piglets and injecting vitamins to them. The degree of difficulty of the 
Tender was moderate (Table 3 and Figure 2), but during filling the feeding machines with the feed the pulse rate 
increased up to 130 beats per minute, i.e. the work became heavy. 
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Working time expense in case of different keeping technologies is different due to the technologies used, 
the group and number of the pigs both in the group as well as in the pen, the layout of the pens and rooms in a 
pigsty, the amounts of feed, the existence of the litter, the arrangement of work and the physical capacity of the 
tenders and other circumstances. 
It became evident that in case of the mechanised feed delivery and cleaning the manure the working time 
expense related to keeping the pigs was lower as due to using the devices the human working time expense is 
practically zero. A smaller mechanical time (0.24 minutes per 10 fattening pigs) was in the pigsty with 500 
fattening pigs upon feeding them with liquid feed using the automatic line "Pellon" and the mechanical time of 
0.35 and 0.56 minutes per 10 fattening pigs was spent in pigsties with 700, 730 and 1,000 fattening pigs feeding 
them with dry feed, using the automatic line "Roxell" and the battery wheelbarrow EK-2. 
Upon manual feeding the smaller working time expenses incurred in delivering the feed to 1,000 fattening 
pigs from the feed barrow to the feed machine "Groba" and in feeding 650 youngs to the trough, 0.64 and 0.58 
minutes per 10 pigs, respectively. Larger working time expense 2.14 minutes per a sow a day was in the pigsty 
where the dry feed was delivered using the technology filling hopper – wheelbarrow – bucket – trough (Table 2). 
The working time special expense of cleaning the pens (1.76 min per 10 pigs a day) existed in case of a 
herd of 300 fattening pigs. Upon a mechanised removal of the manure, the smaller working time special expense 
(practically the mechanical time) was in bigger farms and pigsties where the wing scraper (1,000 fattening pigs) 
was used. 
The degree of the work difficulty depends on the work to be carried out, the intensity of the performance 
of the work, the technologies used, the human capabilities. The research conducted into different technologies 
revealed that the work being done upon keeping the pigs was light, heavy as well as very heavy for the pig 
tenders. The latter included, for example, manual delivery of the dry feed into the troughs, cleaning the manure 
from the pens into the manure channels and spreading the litter. 
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ABSTRACT 
Few studies have been conducted on the working time expenses and the energetic 
workload of the pigtenders upon feeding and watering the pigs as well as removing the 
manure. These operations depend, at the same time, considerably on the size of the farm 
(the number of pigs). Before recommending or selecting rational technologies a research 
into the technological lines in use and the comparative assessment thereof have to be 
carried out. 
In order to compare the most widespread technologies of keeping the fattening pigs a 
research on the working time expenses and the degree of human workload for tending work 
was carried out in pigsties of different size. 
The daily working time expenses were determined by the chronometric research of the 
pigtender’s work with the precision of a second. The working day was photographed by 
fixing, describing and entering in the chronological order the time spent by the employee 
on each work operation, break, etc. in the observation diary. The daily working time 
expenses were determined per ten youngs and fattening pigs. 
Along with the chronometric research of the work a simultaneous measurement of the 
pigtender’s pulse rate was carried out. The degree of difficulty of the pigtender’s work was 
determined in accordance with the average and high pulse rate by using the qualification of 
the WHO and the data of the other authors. In order to measure the pulse rate the “Polar 
Sport Tester” kit, consisting of a transmitter and a receiver was used. The receiver saved 
the pulse rate at the intervals of 5 seconds. The measured pulse rates were saved from the 
tester into the computer and upon processing the data in the programmes “Polar” and MS 
Excel, the statistical rows and diagrams of the tenders’ pulse rates and the minimum, 
maximum and average values of the pulse rate were received. The diagrams of the pulse 
rates were supplemented by an additional scale in order to determine the degree of 
workload of the pigtender‘s work when tending animals during different works. 
The article presents the data about the human tending daily working time and the 
degree of the work difficulty, received in case of different animal keeping technologies of 
young and fattening pigs  
Key words: pigtender, keeping technology, feeding, watering, litter spreading, manure 
removal, working time expense, degree of difficulty of work, pulse tester 
INTRODUCTION 
The selection of keeping technology shall determine the production efficiency in the 
farm. The technology selected should ensure the greatest efficiency. Before recommending 
or selecting rational technologies a research into the technological lines in use and the 
comparative assessment thereof have to be carried out. Usually the evaluation is performed 
on the basis of technical-economical indicators (such as reliability, ease of use, costs related 
to working time and exploitation, etc.). Today it is obvious that such evaluation of 
technologies cannot be perfect, as it does not take into account the impact of animal-
keeping technologies on the level of physical effort for work. Therefore this study focused 
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on the technologies used in pigsties not only in view of the determination of the amount of 
working time, but also in consideration of their impact on the human work load. 
Work operations are classified on the basis of their method – manual or automated. 
Different methods of manure removal have been compared: drainage, removal with scraper 
or front loader of tractor (Berichte 1997, Reppo & Käämer 1998, Maatalouden…1988). The 
analysis of literature revealed that the amount of time spent on tending works is commonly 
presented by work technologies and size of the herd per ten pigs. Amounts of working time 
are presented in KTBL standard tables by pig-herds consisting of 50, 100, 200, 300, 500, 
1000 pigs and in TMRM standards by pig-herds consisting of 60, 120, 250, 500 pigs 
(Maatalouden työnormit 1988; KTBL 1994, KTBL 2000). Finnish working time standards 
include data about smaller herds (Maatalouden työnormit 1988). This is due to smaller pig 
farms in Finland. 
Amount of working time spent on specific works (placing pigs in pig-pen, major 
cleaning or disinfection, treatment, weighing etc.) is given in minutes per fattening pig and 
as total value for the fattening period. These works are performed less frequently, often 
only once during the weaning or fattening period. 
MATERIAL AND METHODS 
In order to study the working time expense and the degree of difficulty of the pig-
tender’s work, farms of different size (300…1,000 fatling) and feeding, manure removing, 
litter spreading and animal watering technologies were used, wherein fatlings (Table 1) 
were kept in groups of different size. The research involved seven farms with more or less 
the same forage portion, but with different feeding technologies (liquid or dry forage). All 
the seven farms used sawdust as litter in small amount; the manure was cleaned with a 
chain scraper conveyor (in case of groups of 1,000 fatlings with the scraper device) and 
removed from the animal keeping room by pumping into the tank machine. 
The pig tenders were mostly women whose principal work duration consisted of the 
time necessary for loading the dry forage (concentrated feed, meal) into the forage deliverer 
(barrow), the transportation and delivery, cleaning the pens and tendering passages, loading 
the litter into the barrow and the delivery thereof, watering the pigs and working with some 
devices. The mechanical time of the devices was not included in the human working time 
expense. The daily working time expense was determined by the chronometric research of 
the pig tender's work with the precision of a second. The actual daily working time of the 
employee was calculated on the basis of the structural scheme (Maatalouden …, 1988; 
Reppo, et. al, 2000), in accordance wherewith the tending time consists of the permanent 
help time (10 minutes in a shift spent on dressing, washing, etc.) and the time spent on the 
performance of the production duty. The latter includes the principal work time and the 
preparation-conclusion time. The working day was photographed by fixing, describing and 
entering in the chronological order the time spent by the employee on each working 
operation, break, etc. in the observation diary. A more comprehensive overview can be 
obtained, however,  if the working time special expenses are fixed per a pig, but the method 
more-widespread in the world determines the same in case of every ten pigs (KTBL 94/95; 
Maatalouden …, 1988). The daily working time expenses were determined per ten fatlings 
(Table 1). 
Along with the chronometric research of the work a simultaneous measurement of the 
pig tender’s pulse rate was carried out. The degree of difficulty of the pig tender's work was 
determined in accordance with the average and high pulse rate by using the qualification of 
the World Health Organization (WHO) (Tuure, 1991, Tuure 1995) and the data of the 
authors (Andersen et. al, 1978, Hettinger et. al., 1983), according consideration to the fact 
that at the pulse rate of up to 100 beats per minute the degree of difficulty of the work of a 
human being is light (L) and at in between 100…124, 124…150 and at more than 150 beats 




In order to measure the pulse rate the “Polar Sport Tester” kit, consisting of the 
transmitter (sensor) and the receiver (tester) was used. The transmitter was fixed onto the 
body of the employee in the heart area and onto the hand of the receiver. The receiver saved 
the pulse rate at the intervals of 5 seconds. The measured pulse rates were saved from the 
tester into the computer and upon processing the data in the programs “Polar” and MS 
Excel, the statistical rows and diagrams of the tenders’ pulse rates and the minimum, 
maximum and average values of the pulse rate were received. The diagrams of the pulse 
rates were supplemented by an additional scale in order to determine the degree of 
difficulty of the pig tender’s work upon tending animals during different works (Figures 1 
and 2) 
RESULTS AND DISCUSSION 

In general, the amount of working time is rather different in case of different pig-
keeping technologies, due to tending activities used, type and number of pigs both in a 
group and in a pen, placement of pens in pigsty, feed rations and physical capacity of 
tenders.  
Upon determination of the working time expense, it became evident (Table 1) that 
smaller working time expenses were incurred upon the mechanized delivery of forage with 
the automatic line “Pellon”, “Roxell” and with the battery wheelbarrow EK-2 into the feed 
trough for 0.24; 0.35 and 0.56 minutes respectively per 10 fatlings daily. The size of the 
herds was 500, 700, 730 and 1,000 animals respectively. Upon feeding with the automatic 
line, the human working time is practically zero as the device works in a timely 
programmed manner (Table 1). 
Table 1 Working time daily expenses in minutes per 10 pigs 
  Material Pig sort and number 
Technology kg Fatlings (40...100 kg) 
  Pig/day 300 500 700 730 850 1000 1000
1. Feeding with dry forage  
(storage-transportation-delivery):         
  - filling hopper-battery barrow-trough 3.5       0.56
  - filling hopper/barrow/bucket/self-
acting feeder „Groba“ 3.5     0.70 0.64
  - filling hopper/mixer/barrow/bucket/ 
trough/self-acting feeder 3.5 2.57       
  - filling hopper/ self-acting automatic 
feeder “Roxell“ (mechanical time) 2.8   0.35 0.35    
2. Feeding with liquid automatic 
feeder “Pellon“ (mechanical time) 2.1  0.24      
3. Cleaning pens and tending passages:         
  - manual cleaning of pens (with a 
rake) 5 1.76 1.24 0.84 0.63 0.53 0.47 0.47
- cleaning forage passages  0.17 0.41 0.27 0.16 0.27 0.17 0.17
  - removing manure with the conveyor 
(mechanical time)  0.68 0.59 0.51 0.43 0.22 0.14 0.14
4. Transporting and spreading litter 
(sawdust) 0.8 0.86 0.60  0.28 0.34 0.15 0.15
5. Watering:  * * * * * * * 
TOTAL:  5.36 2.25 1.11 1.07 1.84 1.43 1.35
Incl. feeding  2.57 – – – 0.70 0.64 0.56
* - watering with nipple drinker 
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Upon manual feeding, the working time expenses were lower in case of 1,000 fatlings 
upon forage delivery with a bucket from the wheelbarrow into the feed trough and the 
forage machine “Groba”, 0.64 and 0.56 minutes respectively per 10 animals (Table 1). 
Upon feeding the fatlings, the wheelbarrow was filled from the filling hopper. 
The greatest daily specific amount of working time was in the section with 300 fatlings 
– 2.57 minutes per fatling upon feeding with dry fodder (foodstuffs from filling hopper 
were forwarded to mixer and barrow and then loaded from barrow with bucket to trough or 
self-acting feeder (Table 1).  
Manure removal in pigsties was performed by using technology where manure was 
manually scraped from pig-pen to manure passage and removed by using chain scraper 
conveyor (in case of herd of 1000 fattening pigs wing scrapers were used). 
As for manual cleaning of pig-pens the amount of working time was the lowest (0.47 
minutes per 10 pigs per day) in case of manure removal from 1000 fattening pigs (Table 1). 
It occurs that the amount of working time is equivalent in case of similar group sizes. 
Mechanical time was the lowest in case of manure removal by conveyor (0.14 minutes 
per 10 fattening pigs per day) (Table 1) or by scraper device in case of the herd of 1000 
fattening pigs, and the amount of working time was the highest (0.68 minutes per 10 pigs) 
in the section of 300 fattening pigs with chain scraper conveyor. It appeared that using 
drinking devices reduced the tending time significantly (Table 1). 
The level of physical effort for tendering works was studied during working day and 
separately when feeding pigs (Table 2), removing manure and spreading litter (Table 3). 
The study (Figure 1) revealed that tender’s level of physical effort for tending 500 pigs 
was higher in case of spreading litter and cleaning passages, the highest heart rate being 
160 beats per minute. During the work shift the tender’s level of physical effort for work 
was moderate (M), but during cleaning works it turned into very heavy (VH). 
In low-litter pigsties where fodder was distributed manually, the tenders’ level of 
physical effort for work ranged from moderate (M) to heavy (H) (Table 2), whereas it was 
considered moderate when feeding 850 fattening pigs and 100 sows by using feeding 
technology barrow-trough and barrow-automatic feeder. 
Figure 1 Tender’s pulse rate and degree of work difficulty in the case of 500 fattening pigs 




Feeding of 600 fattening pigs and 200 young pigs in deep-litter pigsty was 
performed by automated feeding conveyor Roxell, where the tender only had to clean the 
feeding area and the average level of physical effort for work was heavy (Table 3) 
Table 2 Tender’s Level of Physical Effort for Work During Feeding 
Tender Number of pigs 
and species Way of keeping 
Feeding 












young pig/75 sows Low litter Bar-tro W 41 127 H 
290 fattening Low litter Bar-aut W 66 108 M 
850 fattening/ 
100 sows Low litter 
Bar-tro / 





200 young pig / 
600 fattening Deep litter Aut W 57 - - 
1270 fattening Deep litter Aut M 43 80 L 
500 fattening Liquid manure Aut W 27 - - 
[1] Bar-tro – manual feeding from barrow to trough;
     Bar-aut – manual feeding from barrow to self-acting automatic fodder; 
     Bar-aut/Batbar-tro –tender use several technology, manual feeding from barrow to self-
acting automatic fodder and from battery barrow to trough 
     Aut – self-acting automatic fodder 
[2] M–Male; W–Women 
[3] Work intensity: L – light; M – moderate; H – Heavy 

Figure 2 Tender’s pulse rate and degree of work difficulty in the case of 1270 pigs on deep 
litter: L-Light, M-Moderate, H-Heavy, VH-Very Heavy. 
In case of manure removal with conveyor system, the level of physical effort for tending 
works ranged from light to heavy. Main tending works included cleaning pens and 
spreading litter (Table 3). In deep-litter pigsty with 1270 fattening pigs the tender’s average 
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heart rate was 102 beats per minute, which makes it medium heavy effort for work, but it 
became very heavy when cleaning the pens (Figure 2), which caused maximum elevation of 
heart rate up to 158 beats per minute. 
Table 3 Tender’s Level of Physical Effort for Work during Manure Removal and Litter 
Spreading 











1000/1000 fattening Low litter Scraper W 50 132 132 
H 
H 
313 fattening, young 
pig/75 sows Low litter Chain conveyer W 41 112 M 
290 fattening Low litter Chain conveyer W 66 96 L 
850 fattening/ 





200 young pig /  
600 fattening Deep litter With tractor W 57 125 H 
1270 fattening Deep litter With tractor M 43 102 M 
500 fattening Without litter Liquid manure W 27 91 L 
[1] M-Male; W-Women 
[2] -Work intensity: L – Light; M – Moderate; H – Heavy 
Selection of fodder distribution technologies should be based on the size of herd and 
biological type of animal. Manual feeding is unthinkable in pigsties with more than 500 
pigs due to high volume of fodder to be delivered. In terms of specific amount of working 
time and the tender’s level of physical effort for work it is more rational to use mechanised 
feeding. 
Considering available equipment and financial possibilities, and based on the 
aforesaid, the following dry forage distribution technologies can be provided: 
- fully mechanised technology is suitable for large farms (more than 700 pigs), where time-
programmed automated feeders Roxell, Pellon, Big Dutchman or other similar equipment 
(feeding hopper-conveyor-automated feeder) or hopper-moving fodder distributor(barrow)-
trough technology are used; 
- technologies suitable for smaller pigsties consist of fodder hopper-barrow-automated 
feeder (Groba type). 
Water is provided to pigs by using drinking devices that significantly reduce the 
amount of working time for tending animals. 
The average level of physical effort for work of pig-tenders (Table 2) is generally 
medium heavy. It is light in case of feeding pigs by using automated feeder, where fodder is 
taken from hopper and extra works (such as manual loading of fodder in barrow) are 
unnecessary. 
In case of feeding into trough the level of physical effort for work is higher, because 
fodder is distributed along trough as well. Distribution of fodder to farrowing sows was 
considered light because the size of herd was smaller. 
Tender’s level of physical effort for work was light when feeding 1270 fatlings, 
because of trough clearing and smaller distances of fodder distribution.  
In terms of the level of physical effort, straw spreading in deep-litter pigsty was 
considered to be medium heavy and heavy and cleaning the pig-pens in low-litter pigsties 




In order to compare the most wide-spread technologies of keeping the fatlings a 
research on the working time expense and the degree of difficulty of human beings upon 
tending work was carried out in pigsties of different size and kinds of pigs. 
Daily amount of working time was determined by pig tender’s chronological 
portrayal at the accuracy level of one second. The chronological portrayal of working day 
included determination of time spent on every operation, pause, etc., description thereof 
and registration in observation diary in chronological order. Daily specific amount of 
working time was determined per ten young pigs and fattening pigs. Along with the 
chronometric research of the work a simultaneous measurement of the pig tender’s pulse 
rate was carried out, whereby, in accordance, the degree of difficulty of work was 
determined. 
In order to measure the pulse rate the “Polar Sport Tester” kit, consisting of the 
transmitter and the receiver was used. The measured pulse rates were saved from the tester 
into the computer and the data processed in the programmes “Polar” and MS Excel. The 
working time special expense of cleaning the pens (1.76 min per 10 pigs a day) existed in 
case of a herd of 300 fatlings. Smaller working time special expenses (practically the 
mechanical time) were in bigger farms and pigsties with mechanised removal of the manure 
where the wing scrapers were used. 
The average level of physical effort for work of pig-tenders (Table 2) is generally 
medium heavy. It is light in case of feeding pigs by using automated feeder, where fodder is 
taken from hopper and extra works (such as manual loading of fodder in barrow) are 
unnecessary. In case of feeding into trough the level of physical effort for work is higher, 
because fodder is distributed along trough as well. Distribution of fodder to farrowing sows 
was considered light because the size of herd was smaller. 
In terms of the level of physical effort, straw spreading in deep-litter pigsty was considered 
to be medium heavy and heavy and cleaning the pig-pens in low-litter pigsties was 
considered heavy (Table 3). 
The results of multi-parametric study of pigsties allow supplementation of data that 
provide the basis for evaluation and selection of economically and ergonomically 
purposeful animal-keeping methods and technologies.
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ABSTRACT 
Few studies have been conducted on the working time expenses and the energetic 
workload of the pigtenders upon feeding and watering the pigs as well as removing the 
manure. These operations depend, at the same time, considerably on the size of the farm 
(the number of pigs). Before recommending or selecting rational technologies a research 
into the technological lines in use and the comparative assessment thereof have to be 
carried out. 
In order to compare the most widespread technologies of keeping the fattening pigs a 
research on the working time expenses and the degree of human workload for tending work 
was carried out in pigsties of different size. 
The daily working time expenses were determined by the chronometric research of the 
pigtender’s work with the precision of a second. The working day was photographed by 
fixing, describing and entering in the chronological order the time spent by the employee 
on each work operation, break, etc. in the observation diary. The daily working time 
expenses were determined per ten youngs and fattening pigs. 
Along with the chronometric research of the work a simultaneous measurement of the 
pigtender’s pulse rate was carried out. The degree of difficulty of the pigtender’s work was 
determined in accordance with the average and high pulse rate by using the qualification of 
the WHO and the data of the other authors. In order to measure the pulse rate the “Polar 
Sport Tester” kit, consisting of a transmitter and a receiver was used. The receiver saved 
the pulse rate at the intervals of 5 seconds. The measured pulse rates were saved from the 
tester into the computer and upon processing the data in the programmes “Polar” and MS 
Excel, the statistical rows and diagrams of the tenders’ pulse rates and the minimum, 
maximum and average values of the pulse rate were received. The diagrams of the pulse 
rates were supplemented by an additional scale in order to determine the degree of 
workload of the pigtender‘s work when tending animals during different works. 
The article presents the data about the human tending daily working time and the 
degree of the work difficulty, received in case of different animal keeping technologies of 
young and fattening pigs  
Key words: pigtender, keeping technology, feeding, watering, litter spreading, manure 
removal, working time expense, degree of difficulty of work, pulse tester 
INTRODUCTION 
The selection of keeping technology shall determine the production efficiency in the 
farm. The technology selected should ensure the greatest efficiency. Before recommending 
or selecting rational technologies a research into the technological lines in use and the 
comparative assessment thereof have to be carried out. Usually the evaluation is performed 
on the basis of technical-economical indicators (such as reliability, ease of use, costs related 
to working time and exploitation, etc.). Today it is obvious that such evaluation of 
technologies cannot be perfect, as it does not take into account the impact of animal-
keeping technologies on the level of physical effort for work. Therefore this study focused 
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on the technologies used in pigsties not only in view of the determination of the amount of 
working time, but also in consideration of their impact on the human work load. 
Work operations are classified on the basis of their method – manual or automated. 
Different methods of manure removal have been compared: drainage, removal with scraper 
or front loader of tractor (Berichte 1997, Reppo & Käämer 1998, Maatalouden…1988). The 
analysis of literature revealed that the amount of time spent on tending works is commonly 
presented by work technologies and size of the herd per ten pigs. Amounts of working time 
are presented in KTBL standard tables by pig-herds consisting of 50, 100, 200, 300, 500, 
1000 pigs and in TMRM standards by pig-herds consisting of 60, 120, 250, 500 pigs 
(Maatalouden työnormit 1988; KTBL 1994, KTBL 2000). Finnish working time standards 
include data about smaller herds (Maatalouden työnormit 1988). This is due to smaller pig 
farms in Finland. 
Amount of working time spent on specific works (placing pigs in pig-pen, major 
cleaning or disinfection, treatment, weighing etc.) is given in minutes per fattening pig and 
as total value for the fattening period. These works are performed less frequently, often 
only once during the weaning or fattening period. 
MATERIAL AND METHODS 
In order to study the working time expense and the degree of difficulty of the pig-
tender’s work, farms of different size (300…1,000 fatling) and feeding, manure removing, 
litter spreading and animal watering technologies were used, wherein fatlings (Table 1) 
were kept in groups of different size. The research involved seven farms with more or less 
the same forage portion, but with different feeding technologies (liquid or dry forage). All 
the seven farms used sawdust as litter in small amount; the manure was cleaned with a 
chain scraper conveyor (in case of groups of 1,000 fatlings with the scraper device) and 
removed from the animal keeping room by pumping into the tank machine. 
The pig tenders were mostly women whose principal work duration consisted of the 
time necessary for loading the dry forage (concentrated feed, meal) into the forage deliverer 
(barrow), the transportation and delivery, cleaning the pens and tendering passages, loading 
the litter into the barrow and the delivery thereof, watering the pigs and working with some 
devices. The mechanical time of the devices was not included in the human working time 
expense. The daily working time expense was determined by the chronometric research of 
the pig tender's work with the precision of a second. The actual daily working time of the 
employee was calculated on the basis of the structural scheme (Maatalouden …, 1988; 
Reppo, et. al, 2000), in accordance wherewith the tending time consists of the permanent 
help time (10 minutes in a shift spent on dressing, washing, etc.) and the time spent on the 
performance of the production duty. The latter includes the principal work time and the 
preparation-conclusion time. The working day was photographed by fixing, describing and 
entering in the chronological order the time spent by the employee on each working 
operation, break, etc. in the observation diary. A more comprehensive overview can be 
obtained, however,  if the working time special expenses are fixed per a pig, but the method 
more-widespread in the world determines the same in case of every ten pigs (KTBL 94/95; 
Maatalouden …, 1988). The daily working time expenses were determined per ten fatlings 
(Table 1). 
Along with the chronometric research of the work a simultaneous measurement of the 
pig tender’s pulse rate was carried out. The degree of difficulty of the pig tender's work was 
determined in accordance with the average and high pulse rate by using the qualification of 
the World Health Organization (WHO) (Tuure, 1991, Tuure 1995) and the data of the 
authors (Andersen et. al, 1978, Hettinger et. al., 1983), according consideration to the fact 
that at the pulse rate of up to 100 beats per minute the degree of difficulty of the work of a 
human being is light (L) and at in between 100…124, 124…150 and at more than 150 beats 




In order to measure the pulse rate the “Polar Sport Tester” kit, consisting of the 
transmitter (sensor) and the receiver (tester) was used. The transmitter was fixed onto the 
body of the employee in the heart area and onto the hand of the receiver. The receiver saved 
the pulse rate at the intervals of 5 seconds. The measured pulse rates were saved from the 
tester into the computer and upon processing the data in the programs “Polar” and MS 
Excel, the statistical rows and diagrams of the tenders’ pulse rates and the minimum, 
maximum and average values of the pulse rate were received. The diagrams of the pulse 
rates were supplemented by an additional scale in order to determine the degree of 
difficulty of the pig tender’s work upon tending animals during different works (Figures 1 
and 2) 
RESULTS AND DISCUSSION 

In general, the amount of working time is rather different in case of different pig-
keeping technologies, due to tending activities used, type and number of pigs both in a 
group and in a pen, placement of pens in pigsty, feed rations and physical capacity of 
tenders.  
Upon determination of the working time expense, it became evident (Table 1) that 
smaller working time expenses were incurred upon the mechanized delivery of forage with 
the automatic line “Pellon”, “Roxell” and with the battery wheelbarrow EK-2 into the feed 
trough for 0.24; 0.35 and 0.56 minutes respectively per 10 fatlings daily. The size of the 
herds was 500, 700, 730 and 1,000 animals respectively. Upon feeding with the automatic 
line, the human working time is practically zero as the device works in a timely 
programmed manner (Table 1). 
Table 1 Working time daily expenses in minutes per 10 pigs 
  Material Pig sort and number 
Technology kg Fatlings (40...100 kg) 
  Pig/day 300 500 700 730 850 1000 1000
1. Feeding with dry forage  
(storage-transportation-delivery):         
  - filling hopper-battery barrow-trough 3.5       0.56
  - filling hopper/barrow/bucket/self-
acting feeder „Groba“ 3.5     0.70 0.64
  - filling hopper/mixer/barrow/bucket/ 
trough/self-acting feeder 3.5 2.57       
  - filling hopper/ self-acting automatic 
feeder “Roxell“ (mechanical time) 2.8   0.35 0.35    
2. Feeding with liquid automatic 
feeder “Pellon“ (mechanical time) 2.1  0.24      
3. Cleaning pens and tending passages:         
  - manual cleaning of pens (with a 
rake) 5 1.76 1.24 0.84 0.63 0.53 0.47 0.47
- cleaning forage passages  0.17 0.41 0.27 0.16 0.27 0.17 0.17
  - removing manure with the conveyor 
(mechanical time)  0.68 0.59 0.51 0.43 0.22 0.14 0.14
4. Transporting and spreading litter 
(sawdust) 0.8 0.86 0.60  0.28 0.34 0.15 0.15
5. Watering:  * * * * * * * 
TOTAL:  5.36 2.25 1.11 1.07 1.84 1.43 1.35
Incl. feeding  2.57 – – – 0.70 0.64 0.56
* - watering with nipple drinker 
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Upon manual feeding, the working time expenses were lower in case of 1,000 fatlings 
upon forage delivery with a bucket from the wheelbarrow into the feed trough and the 
forage machine “Groba”, 0.64 and 0.56 minutes respectively per 10 animals (Table 1). 
Upon feeding the fatlings, the wheelbarrow was filled from the filling hopper. 
The greatest daily specific amount of working time was in the section with 300 fatlings 
– 2.57 minutes per fatling upon feeding with dry fodder (foodstuffs from filling hopper 
were forwarded to mixer and barrow and then loaded from barrow with bucket to trough or 
self-acting feeder (Table 1).  
Manure removal in pigsties was performed by using technology where manure was 
manually scraped from pig-pen to manure passage and removed by using chain scraper 
conveyor (in case of herd of 1000 fattening pigs wing scrapers were used). 
As for manual cleaning of pig-pens the amount of working time was the lowest (0.47 
minutes per 10 pigs per day) in case of manure removal from 1000 fattening pigs (Table 1). 
It occurs that the amount of working time is equivalent in case of similar group sizes. 
Mechanical time was the lowest in case of manure removal by conveyor (0.14 minutes 
per 10 fattening pigs per day) (Table 1) or by scraper device in case of the herd of 1000 
fattening pigs, and the amount of working time was the highest (0.68 minutes per 10 pigs) 
in the section of 300 fattening pigs with chain scraper conveyor. It appeared that using 
drinking devices reduced the tending time significantly (Table 1). 
The level of physical effort for tendering works was studied during working day and 
separately when feeding pigs (Table 2), removing manure and spreading litter (Table 3). 
The study (Figure 1) revealed that tender’s level of physical effort for tending 500 pigs 
was higher in case of spreading litter and cleaning passages, the highest heart rate being 
160 beats per minute. During the work shift the tender’s level of physical effort for work 
was moderate (M), but during cleaning works it turned into very heavy (VH). 
In low-litter pigsties where fodder was distributed manually, the tenders’ level of 
physical effort for work ranged from moderate (M) to heavy (H) (Table 2), whereas it was 
considered moderate when feeding 850 fattening pigs and 100 sows by using feeding 
technology barrow-trough and barrow-automatic feeder. 
Figure 1 Tender’s pulse rate and degree of work difficulty in the case of 500 fattening pigs 




Feeding of 600 fattening pigs and 200 young pigs in deep-litter pigsty was 
performed by automated feeding conveyor Roxell, where the tender only had to clean the 
feeding area and the average level of physical effort for work was heavy (Table 3) 
Table 2 Tender’s Level of Physical Effort for Work During Feeding 
Tender Number of pigs 
and species Way of keeping 
Feeding 












young pig/75 sows Low litter Bar-tro W 41 127 H 
290 fattening Low litter Bar-aut W 66 108 M 
850 fattening/ 
100 sows Low litter 
Bar-tro / 





200 young pig / 
600 fattening Deep litter Aut W 57 - - 
1270 fattening Deep litter Aut M 43 80 L 
500 fattening Liquid manure Aut W 27 - - 
[1] Bar-tro – manual feeding from barrow to trough;
     Bar-aut – manual feeding from barrow to self-acting automatic fodder; 
     Bar-aut/Batbar-tro –tender use several technology, manual feeding from barrow to self-
acting automatic fodder and from battery barrow to trough 
     Aut – self-acting automatic fodder 
[2] M–Male; W–Women 
[3] Work intensity: L – light; M – moderate; H – Heavy 

Figure 2 Tender’s pulse rate and degree of work difficulty in the case of 1270 pigs on deep 
litter: L-Light, M-Moderate, H-Heavy, VH-Very Heavy. 
In case of manure removal with conveyor system, the level of physical effort for tending 
works ranged from light to heavy. Main tending works included cleaning pens and 
spreading litter (Table 3). In deep-litter pigsty with 1270 fattening pigs the tender’s average 
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heart rate was 102 beats per minute, which makes it medium heavy effort for work, but it 
became very heavy when cleaning the pens (Figure 2), which caused maximum elevation of 
heart rate up to 158 beats per minute. 
Table 3 Tender’s Level of Physical Effort for Work during Manure Removal and Litter 
Spreading 











1000/1000 fattening Low litter Scraper W 50 132 132 
H 
H 
313 fattening, young 
pig/75 sows Low litter Chain conveyer W 41 112 M 
290 fattening Low litter Chain conveyer W 66 96 L 
850 fattening/ 





200 young pig /  
600 fattening Deep litter With tractor W 57 125 H 
1270 fattening Deep litter With tractor M 43 102 M 
500 fattening Without litter Liquid manure W 27 91 L 
[1] M-Male; W-Women 
[2] -Work intensity: L – Light; M – Moderate; H – Heavy 
Selection of fodder distribution technologies should be based on the size of herd and 
biological type of animal. Manual feeding is unthinkable in pigsties with more than 500 
pigs due to high volume of fodder to be delivered. In terms of specific amount of working 
time and the tender’s level of physical effort for work it is more rational to use mechanised 
feeding. 
Considering available equipment and financial possibilities, and based on the 
aforesaid, the following dry forage distribution technologies can be provided: 
- fully mechanised technology is suitable for large farms (more than 700 pigs), where time-
programmed automated feeders Roxell, Pellon, Big Dutchman or other similar equipment 
(feeding hopper-conveyor-automated feeder) or hopper-moving fodder distributor(barrow)-
trough technology are used; 
- technologies suitable for smaller pigsties consist of fodder hopper-barrow-automated 
feeder (Groba type). 
Water is provided to pigs by using drinking devices that significantly reduce the 
amount of working time for tending animals. 
The average level of physical effort for work of pig-tenders (Table 2) is generally 
medium heavy. It is light in case of feeding pigs by using automated feeder, where fodder is 
taken from hopper and extra works (such as manual loading of fodder in barrow) are 
unnecessary. 
In case of feeding into trough the level of physical effort for work is higher, because 
fodder is distributed along trough as well. Distribution of fodder to farrowing sows was 
considered light because the size of herd was smaller. 
Tender’s level of physical effort for work was light when feeding 1270 fatlings, 
because of trough clearing and smaller distances of fodder distribution.  
In terms of the level of physical effort, straw spreading in deep-litter pigsty was 
considered to be medium heavy and heavy and cleaning the pig-pens in low-litter pigsties 




In order to compare the most wide-spread technologies of keeping the fatlings a 
research on the working time expense and the degree of difficulty of human beings upon 
tending work was carried out in pigsties of different size and kinds of pigs. 
Daily amount of working time was determined by pig tender’s chronological 
portrayal at the accuracy level of one second. The chronological portrayal of working day 
included determination of time spent on every operation, pause, etc., description thereof 
and registration in observation diary in chronological order. Daily specific amount of 
working time was determined per ten young pigs and fattening pigs. Along with the 
chronometric research of the work a simultaneous measurement of the pig tender’s pulse 
rate was carried out, whereby, in accordance, the degree of difficulty of work was 
determined. 
In order to measure the pulse rate the “Polar Sport Tester” kit, consisting of the 
transmitter and the receiver was used. The measured pulse rates were saved from the tester 
into the computer and the data processed in the programmes “Polar” and MS Excel. The 
working time special expense of cleaning the pens (1.76 min per 10 pigs a day) existed in 
case of a herd of 300 fatlings. Smaller working time special expenses (practically the 
mechanical time) were in bigger farms and pigsties with mechanised removal of the manure 
where the wing scrapers were used. 
The average level of physical effort for work of pig-tenders (Table 2) is generally 
medium heavy. It is light in case of feeding pigs by using automated feeder, where fodder is 
taken from hopper and extra works (such as manual loading of fodder in barrow) are 
unnecessary. In case of feeding into trough the level of physical effort for work is higher, 
because fodder is distributed along trough as well. Distribution of fodder to farrowing sows 
was considered light because the size of herd was smaller. 
In terms of the level of physical effort, straw spreading in deep-litter pigsty was considered 
to be medium heavy and heavy and cleaning the pig-pens in low-litter pigsties was 
considered heavy (Table 3). 
The results of multi-parametric study of pigsties allow supplementation of data that 
provide the basis for evaluation and selection of economically and ergonomically 
purposeful animal-keeping methods and technologies.
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